~~ THE UN 
OF MICHIGAN 


OFFICIAL PUBLICATION 


mplete 
nufae- 
rs and 
nee in 
ry re 

Conn, 


NEER 
g and 
ors lo 
Salary 
[unde 


ity at 
10 yr 
id air 
liately 
ng in- 
build- 
x 166, 


y for 
ngers, 
xX peri- 


aur 


AL. 


President John Everetts, Jr., asks 
‘= that question quite urgently and poses a 
i number of other closely related ones in 

1 con- 


his message to members on page 71 of this 


issue of your JOURNAL. 
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BECAUSE 


costly Egyptian cotton plus deep 


filtration tunnels give 5 to 9 


times* the filtering area of con- 


ventional filters 


* For particles down to 5 microns in size. 


The diamond pattern on the filter element is 
no mere decoration. It’s a pattern behind 
which you'll find a honeycomb of diamond- 
shaped tunnels for full-depth filtration. This 
filter design can only be achieved through use 
of expensive, long-fibre Egyptian cotton. Just 
one of the investments we make to give you 
refrigeration’s finest drier-filter-strainer... 
perfect protection against corrosive acids, 
moisture, dirt. 

Other TRAP-DRI features include a bal- 
anced blend of PA 400 silica gel and molecular 
sieve that completely adsorb acid and acid- 
forming moisture. 

Write today for facts about TRAP-DRI 
and other products of the Heating and Air 
Conditioning Division, Controls Company of 
America... creators of new ideas for control 
of time, temperature, flow and motion. 


Surface-type filter (left) — Dirt collects 
on outside only, gradually closing filter. 


410 filter (right) — Dirt is collected in 
deep, large-capacity tunnels without 
clogging filter. 


CONTROLS COMPANY OF AMERICA 
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PARTS AND 


HEAT EXCHANGERS 


Utilization of O-ring seals in shell-and-tube heat ex- 
changers has resulted in development of an externally 
packed, floating head of improved design, which is a 
standard feature on Type OP exchangers. This double 


O-ring seal _ the tube bundle to expand and 
contract without strain or intermixing of shell and 
tubeside fluids. Shell diam are available from 6 
through 16 in. Units are suitable for many applica- 
tions, including oil or water cooling of internal com- 
bustion engines, compressors, steam and gas turbines 
and electrolyte cooling for liquid rheostats. 

Basco, Inc., 345 Payne Ave., North Tonawanda, N. Y. 


TEMPERATURE CONTROL 


Small size (4-1/8 x 4-7/16 x 2-7/8 in.) of the Type 
AT-153 Temperature Control suits it for mounting 
where limited space is available. Applications include 
air conditioning, freeze protection and refrigeration. 
Featured on the unit are external adjustment, repeti- 
tive trip point, visible calibrated dial with pointer 
and visible on-off hermetically-sealed mercury con- 
tact. Operating range is 15 to 55 F, with a differential 
of 2% F. The control is rated at four amp, 115 volt; 
two amp, 230 volt ac or de. 

Mercoid Corporation, 4201 Belmont Ave., Chicago 41, 
Illinois. 


STEAM COILS 


Supplying steam from both ends of the coil through 
Equa-Jet inner distributing tubes, this design is cited 


as providing an even distribution of steam across the 
entire coil face. Equa-Jet tubes are automatically 
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self-centering in the condensing tubes and have thei 
jet orifices facing in the same direction as the steam 
return. Available in standard heights, NFD coils alsg 
feature die-formed, plate-type, Agi-Flo aluminum fing 
in standard lengths from 72 to 144 in. Headers at both 
ends of coil are of heavy-wall seamless copper. 4 
Bohn Aluminum & Brass Corporation, Danville Diya 
Danville, Ill. 


RIGID URETHANE INSULATION 


Combining excellent insulating characteristics with ; 
high heat, solvent and moisture resistance, a new rigidly 
urethane foam building insulation material is suited fom 
industrial, commercial and institutional constructionyl 
Light in weight, the material contains more than 90% 

closed cells and offers high sound absorption. a 
H. E. Werner, Inc., 2990 Industrial Blvd., Bethel 

Park, Pa. 


1962 ROOM AIR CONDITIONERS 


Seven window model series, a 32,000-Btu/hr windowal 
heat pump model, a special series of fast-installing 
through-the-wall units and a new Orbital Cooling 
system cited as increasing air circulation highlight 
this company’s 1962 line of room air conditioners) 
Comprising the line are six chassis sizes with models 


ranging in cooling capacity from 7000 to 32,000 
Btu/hr, including casement, heat pump and through- 
the-wall models, as well as 115, 208 and 230-volt 
window air conditioners. 

Featured are the Conquest series (shown), a group 
of eight models of various capacities, and a new series 
of eight high capacity models, including two heat 
pumps with heating capacities of 18,500 and 24,000 
Btu/hr. Two heat pump models have been added to 
the Everest series, with capacities of 28,000 and 32,000 
Btu/hr, and four heat pump units will be available in 
the through-the-wall series. 

Fedders Corporation, 58-01 Grand Ave., Maspeth 78, 
New York. 


INDUSTRIAL SPACE HEATERS 


Added to this company’s line of forced air industrial 
space heaters, Counterflo Model 300 has a peak output 
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Do you know how many jobs 
these switches can do? 


with 
ed ie q Look at the FS4 Series Flow Switch illustrated here. What you 
ction, at see is a compact, well-built switch that either makes or breaks 
n 90% a circuit (as required) when liquid flows or stops flowing. Yet 


in this versatile device you have both the most economical 
way and the most positive way of starting or stopping a sig- 
nal, an alarm, a motor, a metering device — anything electri- 
cally operated. Just to highlight a few uses:— 


to actuate a signal light— signal an attendant to 
make the right moves in operating valves, pumps and 
the like—signal him when flow stops in a water 
cooled compressor, water cooled bearing and so on. 


to sound an alarm—when flow stops in a process 
system or in any water cooled devices. 


to start or stop motors—start pumps in sequence in 
multiple stage flow systems; start standby pumps; 
stop automatically controlled units if cooling water 
system fails; stop compressors in cooling systems 
when flow stops. These are control functions, and 
almost endless. 


to start or stop automatic burners—start a booster 
heater when water draw occurs; stop burner if flow 
is improperly retarded; make sure of circulation in a 
boiler before burner is permitted to start. 


to actuate metering device—open valve in chemical 
feeder line; start mixing in secondary line whenever 
flow starts in primary line. 


ee Think it over! Some of these uses may suggest some related prob- 
oe. lem the FS4 can solve for you right now. Notice the facts about 
its construction and service range opposite. 


McDonnell quality throughout: 


Compact switch with positive snap 
action. Removable cover and two 
knockouts for easy wiring. Phosphor 
bronze sylphon seals assembly leak- 


MSDONNELL & MILLER, Inc., 3500 N. Spaulding Ave., Chicago 18, Ill, 


rome tight from line. Paddle made in seg- 

erles ments to fit any pipe from 1” through 

heat 3”. FS4 series, illustrated, is for 

000 =maximum working pressure 100 psi; Coupon brings bulletin 

d to maximum temperature, 300° F., in t 

000 is an follows: covers design, construction, electrical ratings and 

“y dimensions. Points out many typical applications. 

Opens and closes two separate cir- s 

wis cuits with flow. Closes and opens same Please send me a copy of Flow Switch Bulletin FS1. 


two circuits with no flow. 


FS4 Closes with flow, opens with no flow. COMPANY 

FS4R Opens with flow, closes with no flow. apoms 
a Underwriters’ Listed ‘ CITY, ZONE, STATE 
tput ® Model E-2 available for larger BY 


Pipe sizes and pressures to 150 psi. 


Mail to: McDonnell & Miller, Inc., 3500 N. Spaulding Ave., Chicago 18, Hlinois 


ugh- geile 


ot 3,000,000 Btu/hr and generates a maximum air flow 
of 38,000 cfm. Four types of burners are available 
with the unit, for gas, light or heavy oil and com- 
bination gas and light oil. The unit may be installed 
upright on the floor, raised above the floor level, 
suspended horizontally or inverted. 

Like other Counterflo models, the 300 incorpor- 
ates a design in which the flame and combustion gases 
flow internally four times across the path of the air 
to be heated. Cold air, entering at the base of the 
heater, sweeps over two staggered banks of economizer 
tubes and the stainless steel combustion chamber, so 
that the air temperature is raised to approximately 80 
F before it is discharged through outlet nozzles. Warm 
air blown out through the nozzles circulates through 
the area to be heated and returns through the intake 
vents, forming a circular air pattern. The unit also 
may be operated with 100% outside air. 

Dravo Corporation, Neville Island, Pittsburgh 25, Pa. 


COMMERCIAL REGISTERS 

Featuring individually-pivoted vertical face bars and 
a horizontal multi-louver valve, the 270 Series is de- 
signed for use in commercial applications where an 
opposed-action valve is not required. Finished in beige 
baked enamel, the new registers match the Multi-Trol 
line of commercial registers and grilles in appearance, 
making it possible to use both types on the same job. 
Air Control Products, Inc., Coopersville, Mich. 


SCREEN UNITS 

Together with generators, these screen units and as- 
semblies form the operating components of the Sta- 
tronic Electronic Dirt, Dust and Odor Control Sys- 
tem. These custom units are available in a range of 
sizes and types to provide application to most air 


moving systems. A total of 452 listed sizes among 
twelve types of equipment, covering a range of 450 
to 30,000 cfm, is available. 


Comprising the screen unit are a steel casing 
(with access door, safety switch, high voltage socket 
and duct flanges) and slide-out screen assembly. It 
forms a complete package and requires only electrical 
connection to generators. 

The screen assembly consists of three assembled 
screens and a set of tracks for installation into an 
existing duct, plenum or air handling unit in the field. 
In addition to electrical connection, it requires an 
access door and safety switch to be furnished at the 
installation site. 

American Statronic Corporation, CRS Industries, Inc., 
1405 Locust St., Philadelphia 2, Pa. 


HEATER ASSEMBLY 

Comprising the PAK Series is a factory assembly of 
from one to four DS Series duct furnaces, together 
with complementary packaged blowers, mechanical 
flue exhauster and control system, to provide a com- 
plete packaged unit. Four models are available, rang- 


ing in capacity from 200,000 to 1,400,000 Btu/hr input ~ 
and assembled in either push-through or pull-through 
arrangement. 
In push-through arrangements, blower motors 7 
with frame sizes up to 215 are enclosed with standard © 
blower cabinets. Pull-through arrangements, however, 
usually require a blower cabinet with externally | 
mounted motor and blower shaft bearings, unless the @ 
temperature of air entering the blower cabinet does 7 
not exceed 140 F. : 
Basic controls include main gas and pilot shut-off ~ 
cocks, pressure regulator, 115-volt automatic electric 7 
gas valve, limit control and safety pilot. Optional con- ~ 
trols include combination fan and limit controls, 
24-volt transformer, two-stage electric gas valve, 
modulating valve, electric ignition and 230-volt wir- 
ing. Stainless steel heat exchangers, filter cases for 
blower assemblies and dual fuel arrangements also are 
optional. 
Reznor Manufacturing Company, Mercer, Pa. 


BACK PRESSURE REGULATORS 

Available in % to 2-in. sizes, Series 165 vaives are 
suitable for 250 psi at 500 F in ductile iron and bronze 
bodies and 300 psi at 600 F in stainless steel and cast 
steel bodies. Units are applicable to steam, water, air, 
oil, gas or chemical services. Designed to maintain a 
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WHY YOU SHOULD SPECIFY 


Phelps 


A complete line of 
Copper Refrigeration and ACR 
Tube, and Wrot Fittings 
from one Source! 


COLOR-CODED ACR TUBE WITH O.D. MARK- 

INGS. Phelps Dodge ACR tube is specially 
cleaned for refrigeration use. Extra-long coded end 
caps are your assurance of factory-clean tube at job 
site. Tube is color-coded for fast identification and 
marked with outside dimension. 


NEW WROT SOLDER-TYPE FITTINGS. Phelps 

Dodge has added a wide range of fittings in sizes 
from \-inch to 6 inches. All fittings are protectively 
packaged for factory-clean delivery. 


NEW P-D PAK CARTON. Reel-type design of 

convenient new carton allows refrigeration tube 
to be rolled or paid out quickly on the job. Color- 
coded tape seals carton for protection, yet opens 
easily. 


I, Quality tube and fittings sold the quality way—through authorized refrigeration wholesalers! 


ASSOCIATE 


OCTOBER 196! 


PHELPS DODGE COPPER PRODUCTS Aim 


CORPORATION 
New York, N.Y. * Los Angeles, Calif. 
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constant back pressure or to relieve pressure at a 
given set point, the self-contained valve is cited as 
giving tight shut-off and accurate control during oper- 
ation. Self-lapping, self-cleaning sliding gate seats 
also help minimize maintenance. Five control ranges 
are available from 3 to 170 psi. 

OPW-Jordan Corporation, 6013 Wiehe Rd., Cincin- 
nati 37, Ohio. 


POWER BOILER TUBE CLEANER 
Precision built, Slugger cleans soot and scale from fire 
tube boilers by means of an electrically operated 


punching brush that feeds into many boiler tubes. One 
machine is cited as servicing any number of boilers. 
Benefits noted include elimination of complete boiler 
shutdown to cool tubes for punching, elimination of 
compounds and reduction of fuel costs due to scale 
because of more frequent punching. 

Power Tube, Inc., 2325 N.W. Westover Rd., Portland, 
Oregon. 


ACOUSTIC TERMINAL CONTROL 

Specifically designed for low velocity, these dual-duct 
units offer “pinpoint” temperature control for spe- 
cific rooms, blending of hot and cold air for dis- 


charge to individual space areas, attenuation of self- 
generated as well as duct-carried noise, manual vol- 


ume adjustment and choice of operation by either 
pneumatic or electric temperature controls. Offered 
are two ceiling models (bottom and end discharge) in 
five sizes and two window-perimeter units (top and 
front discharge) in two sizes. 

Carnes Corporation, Verona, Wisc. 


PACKAGED HYDRONIC BOILERS 

Now available with zone control, these units, both 
oil and gas-fired, are pre-assembled and wired, use 
threaded-type electric zone valves and are adaptable 
to either iron pipe or sweat copper systems. A single 
manifold will accommodate up to four zones, and 
combinations are possible ranging to eight zones, 
using two manifold assembles. Assemblies may be 
installed as a supply header off the boiler, as a return 


header mounted on the circulator flange or at any 
other convenient location in the supply or return main. 
Continental Manufacturing Company, P. O. Box 4048, 
Baltimore 22, Md. 


TEMPERATURE REGULATOR 

For fast control at low pressure differentials, a new 
main valve has been developed for temperature regu- 
lation utilizing an auxiliary source of steam, air or 
water. Designed for heat exchangers served by steam 
at pressures of 15 psi or less, the single-seated Type 
G2 is available in sizes from two to eight in. with 125- 
psi flanges; the double-seated model is offered in ten 
and twelve-in. sizes. Stainless steel seats are standard. 
Spence Engineering Company, Inc., Walden 2, New 
York. 


ENGINEERING HAS A VITAL ROLE IN THE 


PRODUCTION OF PHARMACEUTICALS PAGE 48 


THERE ARE SPECIAL DEMANDS UPON 


OPERATING ROOM VENTILATION PAGE 66 
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TRENDS 


Long-cited as the airport air conditioning system with the highest rated cooling 
capacity, New York International Airport is still in the area of rising statistics. 
Currently contracted for, an additional 3000 ton of cooling capacity wil) 
combine with the existing 6300 ton to result in a total of 13 heat-activated 
machines capable of chilling 25,000 gpm for circulation in the system. 


At the first meeting of the Equipment-Technical Division of the National Oil 
Fuel Institute, 60 East 42nd Street, New York 17, N. Y., plans were discussed 
for activities and organization of the division for the coming heating season. 
These include: market research, an educational a gs ranging from man- 
agement to service personnel, and the hot water heater test program. 


Founded October 8, 1911, the American Society of Safety Engineers this 
month celebrates its 50th Anniversary. There are now 76 chapters of this 
national organization devoted to the role of safety throughout industry, gov- 
ernment and insurance company activities. George L. Gorbell of Monsanto 
Chemical Company is currently President of ASSE. 


Prepared within the “how to” and “why do” range, “Principles of Air Condi- 
tioning” is a 328-page text book designed primarily for use in vocational schools 
and technical oan Author Paul Lang has included questions, problems 
and their specific solutions in this offering of Delmar Publishers, Inc., Albany, 
New York. 


“Can the Research Scientist Acquire a Management Attitude?” is the enig- 
matic irresolution behind a current 8-page bulletin of the Battelle Memorial 
Institute, 505 King Avenue, Columbus 1, Ohio. Spokesman M. R. Nestor, 
Battelle’s Manager of Project Development, sees the average research profes- 
sional as wanting to see the results of his work applied to industrial uction 
and social betterment and one who will hesitate to recommend projects unless 
the research effort will fill a real need. 


Established in 1871, the Thayer School at Dartmouth (Hanover, N. H.) is 
the subject of a current 12-page bulletin which reviews the basic “learned 
profession” concept under which this engineering school operates, defines 
entrance requirements, indicates curricula and facilities for this 5-year program. 
The part of research in the plan is emphasized. 


To be published quarterly for an annual subscription of $20, Corrosion Science 
is a new journal of international scope in the Rinlich metallurgical and en- 
gineering aspects of the problem. A project of Pergamon Press, 122 East 55th 
Street, New York 22, N. Y., it is one of more than 50 research journals spon- 
sored by the same publisher. 


Prepared as a 260-page introduction to the principles and applications of 
refrigerator and air conditioning in a variety of industries “Standard Refrigera- 
tor and Air Conditioning Questions and Answers” is directed at operating and 
servicing personnel, Chapters review systems, refrigerants, compressors, con- 
densers, evaporators, controls, pipings and fittings, lubricating and defrosting. 
Authored by Stephen M. Elonka and Quaid W. Minich. Published by McGraw- 
Hill, 630 West 42nd Street, New York 36, N.Y. $6.95. 


Scheduled for final consideration and adoption before April, 1962, the Inter- 
national Institute of Refrigeration (177 Boulevard Malesherbes, Paris XVII, 
France) has in preparation “IIR Recommendations for Frozen Foods.” This 
ee initiated at an international meeting in Moscow in 1958, has been 
under the study of an IIR Frozen Foods Working Party of which ASHRAE 
member M. J. Copley is the U.S. member. The anticipated 25,000-30,000- 
word report will cover scientific background, temperature measurements and 
recommendations as to production, distribution and defrosting. 
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Nuclear Age buildings 
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SPECIAL MEETINGS 


Designed to contribute to the development of engineering and management 

rsonnel, a 10-day “Engineering and Management” short course has been 
scheduled by the University of California Extension, Los Angeles 24, Calif., 
for January 22 through February 1 on the UCLA campus. 


When the Engineers’ Council for Professional Development convenes in Louis- 
ville, Ky., October 2 and 3, it will find on its agenda such items as “Where does 
professional specialization belong in the engineering curricula?”, “Where are 
we going in engineering education?” and “Engineering education in Western 
Europe”. This will be the 29th Annual Meeting of ECPD. 


Holding its 24th Annual Convention, November 2-5, in Toronto, the Refrigera- 
tion Service Engineers Society sets a first (in being the first time one of its 
annual meetings has been held outside the United States) and a fourth (by 
cooperating with the Canadian Refrigeration and Air Conditioning Manufac- 
turers Association in its holding of the 4th Refrigeration and Air Conditioning 
Exhibit). The educational program will be extensive, featuring ASHRAE 
members Thomas Muir, Harold A. Halls, Arnett Smiley, Perley K. Barker and 
Richard Willner. 


The Experimental Center for Refrigeration (Spain) will hold its 4th General 
Assembly in Valencia, November 6-10. Technical papers will be gers 
visits to nearby plants have been arranged. Special emphasis will be placed 
upon fruit and vegetable refrigeration practices. 


Held September 12-14 in Greensboro, N. C., the 3rd Southeastern Plant ee 
neering and Maintenance Seminar was sponsored by local chapters of 
American Institute of Plant Engineers. Among speakers was ASHRAE Mem- 
ber R. G. Werden. Held concurrently, the Southeastern Show featured equip- 
ment, supplies and services covering various aspects of plant engineering and 
maintenance. 


Protection of buildings and their occupants from the hazards of the nuclear 
age will be among the topics discussed at the Fall Conferences of the Building 
Research Institute, 2101 Constitution Avenue, Washington 25, D.C. New 
factors of environment, design of protected areas, human factors in design 
and related topics will be reviewed November 28-30. 


With five months to go, it’s 85% gone. That’s the exhibit space report for the 
12th ae mic of the Air Conditioning, Heating and Refrigeration Industry 
to be held in Los Angeles, February 12-15 next year. More explicitly, 85% of 
the space available has been sold, as of September 1. Accompanying the ex- 
hibit will be a 4-day series of Techpical and Educational Sessions; all planned 
in anticipation of 15,000 plus visitors. 


When ASHRAE’s Region V Technical Conference and Regional Committee 
Meeting is held October 13-14 in Columbus, there will be four sessions. At 
the first and third, seven speakers will consider aspects of the heating, ait 
conditioning and ventilating field as such. At the second and fourth the theme 
will be domestic engineering, with seven more speakers scheduled. Moderators 
will be H. L. Barneby, R. H. Tull, H. G. Hays and W. Taylor. 


INDUSTRY CHANGES 


There is a new trade association in the air distribution field. Air Diffusion 
Council, consisting presently of the Anemostat Corp. of America, Buensod- 
Stacey, Carnes Corp., Connor Engineering Corp., Titus Manufacturing Co., 
Tuttle and Bailey Div of Allied Thermal Corp. and Waterloo Register Co., 
has its headquarters at 333 North Michigan Ave., Chicago 1, Ill. Officers for 
1961-1962 are R. D. Tutt, President; P. F. Canavan, Vice President; D. Titus, 

Secretary; and C. T. Roff, Treasurer. 


Bill A.B. 2133, four years in the enacting, places refrigeration and air condi- 
tioning contractors, whatever their specialty, under the jurisdiction of the 
California Contractors’ State License Board. Exempt, however, are projects — 
representing $100 or less. : 
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ADVANTAGES: 


e Combined ratings simplify system design 
@ Undivided responsibility for entire package 


e All components matched and full rated capacity 


e Lower over-all owning and operating costs 


Liquid 
Chilling Packages 


Capacities: 15 to 125 tons 


OCTOBER 1961 


Designed to complement each other, Carrier offers 
a complete line of matching components—refrigera- 
tion machines, condensers and cooling towers—to 
accommodate the requirements of any commercial 
or industrial application. But the completeness of 
the Carrier line is not nearly so significant as the 
advantages that result from your making full use of 
it—simplified selection and design . . . dealings from 
job’s start to finish with one responsible source for 
all components...and finally, a balanced system 
that assures your customer of maximum efficiency 


with minimum owning and operating cost. 


The reliability of Carrier refrigeration equipment 
has been proven on thousands of jobs, small and 
large, all over the world. Some of this equipment 
is shown here. For complete information ... or in- 
formation about components for a specific job... 
call your Carrier representative. Or write Carrier 
Air Conditioning Company, Syracuse 1, New York. 
In Canada: Carrier Air Conditioning Ltd., Toronto 14. 


Compressors 


Capacities: 5 to 250 tons 


Evaporative 
Condensers 
Capacities: 10 to 250 tons 


Carrier Conditioning Company 


Air-cooled 
Condensers 
Capacities: 5 tons and up 
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PARTS AND 


LOW FLOW VALVES 


Included in the 1400 Series are a 
light-weight diaphragm-actuated unit, 
a high-performance diaphragm model, 
an ultra-low flow valve and two units 
having electric actuators. These actu- 


ators, using low or line voltage, offer 
two-position, floating or proportional 
control and stroking speeds as low as 
7.5 sec. Three body sizes are offered 
(4%, % and 1 in.) with a wide selection 
of reduced inner ports to cvs from 
0.025 to 11 and in an extensive range 
of materials and body ratings with 
both screwed and flanged connections. 
Minneapolis - Honeywell Regulator 
Company, Valve Div, Fort Washing- 
ton, Pa. 


EXPANDED PUMP LINE 


Available with single or three-phase 
motors, ranging in size from % to 1 


hp and operating at 1750 , the 
1600 Series high head jam ioe has 
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been expanded from six to twelve 
sizes. Featured are dynamically bal- 
anced, closed type cast iron or bronze 
impellers, with a shaft of stainless 
steel. Use is primarily in air condi- 
tioning systems and cooling towers 
where high head delivery is a require- 
ment. 

Taco Heaters, Inc., 1160 Cranston St., 
Cranston 9, R. I. 


REPLACEMENT FILTER 


Made of Scottfoam, this Trim-To- 
Size filter can be cut easily with 
scissors to fit most air conditioners. 
Uncut it measures % x 245% x 11% 
in. A special chemical is cited as pre- 
venting bacteria growth in trapped 
particles. Spongelike in appearance, 
the filter may be removed and washed 
with water. 

General Electric Company, One River 
Rd., Schenectady 5, N. Y. 


STARTING RELAY 


For use on hermetic compressors hay- 
ing pin-type terminal clusters, a new 
push-on type current motor startin 
relay has been introduced. Install 
by pushing it onto the compressor ter- 
minal pins, the 
unit eliminates 
the need for 
mounting brack- 
ets, screws and 
special leads. 
Comprising the 
internal mechan- 
ism are a solenoid 
coil, steel armature and a bridging 
type contact arm. Relay cover an 
spool are of a strong, high tempera- 
ture phenolic. 

Metals & Controls, Inc., Div of Texas 
Instruments, Inc., P. O. Box 898, 
Attleboro, Mass. 


SPEED CHANGERS 


Five different case sizes in the Vari- 
Tex line range from one to thirty hp, 
providing stepless speed changes with- 
in standard speed ranges of two to 
one through ten to one at operating 
x rs: from 1.8 to 4460 rpm. Me- 
chanical, electrical and pneumatic con- 
trol options afford a wide degree of 
versatility, so that process or product 
variables can be measured by means 


of standard sensing and signalling de- 
vices. 

Speed changers are available in 
vertical, horizontal or 45-deg assem- 
blies with drip-proof, totally-enclosed, 
explosion-proof, Super-Seal or Syn- 
duction motors. Electrical and me- 
chanical modifications can be pro- 
vided for ial requirements. 
Allis-Chalmers Manufacturing Com- 
pany, Milwaukee 1, Wisc. 


PACKAGED BOILERS 


Two, five, seven and ten-hp gas-fired 
boilers are now factory-insulated and 
shi as packaged, complete units 
boiler assemblies are available, all fea- 
turing all-welded steel shell construc- 
tion and _ including steel-jacketed 
insulation, gas burner, hood, valves, 


auxiliary combustion equipment, gage, 
water glass, pop valve and pressure 
controls in position. Also included in 
the standard assemblies available are: 
low water fuel cutoff and combina- 
tions of low water fuel cut off with 
water feeder, automatic motor-oper- 
ated feed water pump and automatic 
motor-operated system for returning 
condensate to the boiler and adding 
make-up water as required. 

Eclipse Fuel Engineering Company, 
Boiler Div, Chattanooga 5, Tenn. 


Or -FIRED FURNACE 

Providing quieter performance in the 
new Model C-85FBC floor furnace 
are isolation of the twin-turbine blow- 
ers from metal-to-metal contact with 
the radiation shield and combination 


of a spring-suspension mount and a 
lass fiber cushion, against which the 
lower rests. 


Also new on the unit is a re- 
placeable combustion chamber, as 
well as a larger radiator section for 
better heat transfer. 

General Automatic Products Corpora- 
tion, 2300 Sinclair Lane, Baltimore 
13, Md. 
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BEWARE OF THE AVERAGES 


Almost the easiest, and broadly fallacious, approach to day-to-day 
problems is that of the average solution. Just take care, we are told, 
of the average man, the average child, the market average and, yes, 
the average temperature and average humidity (high, low or 
median). But none of these really exists for rational or working 


purposes, 


By seeking to apply the too-easy approach one can frequently 
end with a poorly effected solution. For example, taking an averaged 
anticipated extreme for calculating cooling or heating loads, how- 
ever plausible, leaves out of consideration any individual departures, 
the probability of concentrated hot spells or cool spells and of other 
vagaries of climate. Only too often this may result in some well 
justified complaints as to equipment which does not function “as 
it should” solely because of sloppy design factors, careless applica- 
tion thinking or indifferent purchasing acumen. 


Wha: good would it do to have an installation (to cite an 
extreme, of course) that would be functionally satisfactory for 99% 
of the 8760 hours in a year if the 87 hours represented by the 1% 
come in uncomfortable sequence or even if but 10 or so of them do, 
A house uninhabitable for a week-long cold spell or an office build- 
ing that is stifling for even brief intervals in the hot summer is 
not an engineered solution at all, however pleasing eitiier may have 
seemed in the anticipations of I°R enthusiasts or cooling facility 
wrong-guessers. 


WHAT IS AIR CONDITIONING? 


All of which brings back to mind that 100% air conditioning is far 
from being approximated. Only this week, we walked into a cool 
hotel lobby reeking with the stench of long-stale tobacco, again, 
into an office area where one side of a moderately iarge drafting 
area was cool while that next to the outside windows was all but 
unendurably hot, again, to an all-too-modern home where paint and 
paper had chipped and fallen from woodwork and walls, stained 
by condensate from the inadequately vented kitchen and bath rooms. 


Is it not time to agree that poor air conditioning may be less 
desirable than no air conditioning at all? Not because it may be 
incompatible or unendurable but because it sets back the progress 
of the new age of greater comfort and health every time it is 
perpetrated. 

We can afford the better way. Air conditioning is not a 
necessity but a luxury and the American people always find funds 
for their luxuries. It is their necessities to which they yield be- 
grudged toll. Only when necessities are made to appear luxurious 
does the grip loosen on the pocket book. 
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You get both air supply and exhaust simultane- 
ously with the new Clarage TWINALATOR*. 
Unique, superior dual function air handling for 
all types of buildings. Definite money-saving ad- 
vantages: Requires only one opening, one motor, 
one drive, one starter. No make-up air unit neces- 


sary. Applications unlimited — well adapted to 
closed or semi-closed systems. Can be provided 
with heating coils and filters. Write today for 
Bulletin 552. CLARAGE FAN COMPANY, Kalama- 
zoo, Michigan. Clarage sales engineering offices 
are located in all principal cities. 


a 

2 
*Patented 
Trademark 
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moval 


are rugged. compact. highly eflicien 
with R-12. R-22 or R-500 and ke 
fectly filtered while ho 
within sate limits 


Unit Cell structure of a Type 4-A An extra thick filter of fiber glass com- 
Molecular Sieve shows uniform pores pee ee pletely surrounds the molecular sieves. 
through which small molecules may 4@ eer Particles as small as 10 microns are 
enter the crystalline structure. trapped in this filter. 


DEPTH FILTER 


MOLECULAR 
SIEVES 


A distributor directs the refrigerant flow ; Molecular sieve filter-driers do not 

through the filter and the large-diameter, ee absorb oil or refrigerant—reduce acid 

short-travel desiccant bed. i see concentrations to well below dangerous 
corrosion limits. 


5 
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sealed type 


This type of Molecular Sieve Filter Drier is 
compact, yet has three times the capacity of 
other filter driers. It works equally well in hot 
machine compartments or refrigerated areas. 
Generous wrench flats are provided on flare-type 
filter driers. Sizes range from %” through %” 
SAE flare and %” through 15%” O.D. sweat. 
They are U/L listed and have a minimum burst- 
ing pressure of 2500 psi. 


Extended Sweat 
Connections 


Standard Flare 
Type Connections 


American-$tandard 


molecular 
filter driers 


of sizes in three types 


adapter type 


For maximum installation convenience adapter 
type Molecular Filter Driers can be removed 
and replaced easily without disturbing line 
connections. The Detroit adapter fitting has a 
built-in moisture liquid indicator. It remains 
in the line permanently and the filter drier is 
simply screwed into the fitting. Line size 4” 
SAE through 5%” SAE and %” through %” 
O.D. U/L listed with a minimum bursting pres- 
sure of 2500 psi. 


Detroit flanged shells have an “O” ring flange 
seal which provides a simple, positive means of 
achieving a leak-proof joint with a very nomi- 
nal torque on the cap screws and with no flange 
distortion. The design is such that the 
“squeeze” on the “O” ring is limited. Thus, the 
flange may be removed and resealed many 
times without replacing the “O” rings. Avail- 
able with mounting brackets for shell diam- 
eters of 3”, 342”, 4”. U/L listed with minimum 
bursting pressures of 2500 psi. Cartridges must 
be ordered separately. 


DETROIT DRI-DOT 


indicators give positive moisture liquid-control 


With the Detroit Dri-Dot Moisture-Liquid Indicator one glance tells if the 
system is dry and fully charged. An extra large, optically clear magnifying 
sight glass is fused into the body providing a hermetic seal. The highly 
reflective interior reveals the tiniest bubble in the liquid. The sensitiv 
element reacts quickly in the presence of moisture and indicates relativt 
dryness of the refrigerant. A blue dot indicates “dry”, pink says it’s “wet, 
pale blue or light pink indicates “caution.” The indicator is equally sens 
tive to R-12 and R-22. Maximum working pressure is 500 psi; burstif 
pressure, 2500 psi minimum. Detroit Dri-Dot Moisture-Liquid indicatos 
are available for 4” through 4%” SAE.and 4%” through 2%” O.D. lime 
sizes. 


CONTROLS DIVISION 
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Surface temperature control of 


Radiant Heating Panels 


by thermal resistance 


Draft-free heating as a feature of 
radiant panels is well known. When 
forced air convection heating is 
added to provide the necessary 
ventilation and to give short warm- 
ing and cooling periods during 
times of intermittent heat require- 
ments, radiant heating becomes 
more generally applicable. If the 
floor temperature is controlled, the 
combined radiation and convection 
can give optimum comfort during 
winter heating and summer cool- 
ing. 

When air is used to heat the 
radiant panels, forced convection 
and ventilation can be provided 
economically. Water leaks caused 
by damage to concrete heating 
slabs are avoided. However, since 
air has a lower thermal capacity 
than water, the temperature of the 
panels tends to be less uniform 
than when water is used. Unless 
the air ducts are short and the air 
velocities extremely high, surface 
temperatures tend to be excessive 
at the furnace end of the ducts. 
Consequently, general acceptance 
of air radiant heating has been re- 
tarded in spite of its desirable fea- 
tures. 

Our objective here is to show 
how insulation between the hot air 
and the surface to be heated, with 
due regard to thermal capacity of 
the radiant panels, can prevent 
excessively high surface tempera- 
ture and enable increase in length 
of the ducts, so advantages of com- 
bined convective and radiant heat- 
ing can be obtained economically. 


TECHNICAL CONSIDERATIONS 


When used to heat radiant panels, 
conventional forced air furnaces 
produce desirable velocities in the 
panel ducts. The temperature of 
the air discharged from the furnace 
is so high, however, that the sur- 
face of the panels becomes too hot 
for comfort and for reasonable 


Alan D, K. Laird is Associate Professor of 
Mechanical Engineering, University of Cali- 
ornia, 
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durability of the panel covering. 
This excessive surface temperature 
causes such a large heat transfer 
to the air in the room that the air 
in the ducts is cooled below useful 
temperatures in a short distance. 

These difficulties can be mini- 
mized by surrounding the air in 
the duct with enough insulation to 
limit the surface temperatures of 
the panel and the rate of heat loss 
from the air in the ducts. The nec- 
essary thickness of the insulation 
decreases linearly in the down- 
stream direction for constant panel 
surface temperature. This linear 
decrease gives rise to the concept 
of a tapered thermal resistance 
layer, which keeps a radiating sur- 
face at a constant temperature 
while the heating fluid is cooling 
at a constant rate. In the interest 
of economy, graduated changes in 
resistance may be used to keep the 
surface temperatures within de- 
sired limits by approximating the 
required taper with decreasing 
numbers of layers of insulating 
material. 


Combined use of radiation and convection in a heating system provides 
specific advantages, but also presents the problems of high surface tempera- 
tures and consequent rapid cooling of air in the ducts. 


Explored in this paper is use of insulation between the hot air and the 
surface to be heated, in order to overcome these disadvantages. 


Maximum thermal resistance 
would be required for steady state 
heating (approximated by pro- 
longed heating). The steady state 
conduction equation gives the tem- 
perature difference between the 
surface temperature of the duct, 
Ta, and the room-side panel sur- 
face temperature, T,, as 


Ta— (Re + Ri) 


in which q is the heat flux, R; is 
the fixed thermal resistance of the 
panel, and R, is the insulating 
thermal resistance layer of thick- 
ness chosen by the designer. 

The resistance, Ry, between 
the air in the duct and the duct- 
side panel surface may be varied 
somewhat by the designer through 
choice of air flow conditions and 
temperature levels. The resistance, 
R,, between the room-side panel 
surface and the air in the room 
also depends on the temperatures. 
In steady state, the room and sur- 
face temperatures are constant, 
and the heat flux is fixed. Thus, 
the resistance of the tapered layer 
of insulation that would be needed 
for steady state can be calculated 
by the equation 

T.—T, 
Be 
q 
in which T, is the average air 
temperature in the duct. 

Since a heating system does 
not run at steady state, the thermal 
capacity of the heating panels will 
ete the room side of the panel 

om reaching the steady state tem- 
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perature. Consequently, there 
should be considerably less insula- 
tion than indicated by steady state 
calculations. 

The transient response of a 
radiant panel may be analyzed by 
standard methods.’ In general, 
since the thermal resistance be- 
tween the duct air and the panel is 
relatively constant for a given 
of construction, the heating and 
cooling periods of the panel are 
shortened by decreasing the prod- 
uct of its thermal resistance and 
capacity. 


EXPERIMENTAL PROCEDURE 


The tapered thermal resistance 
layer was incorporated into the 
forced air radiant heating slab of 
a 1320-sq ft, single-story dwelling 
in Lafayette, Calif. Performance 
of the system throughout the house 
was tested during four heating sea- 
sons under various weather condi- 
tions, heating by radiation alone 
and with varying proportions of 
forced air heating. Special atten- 
tion was given to the living-room 
area shown in Fig. 1. 

The floor slab was four-in. in- 
sulating concrete laid on a mem- 
brane over gravel on clay soil. Six 
ducts of six-in. hollow brick build- 
ing tiles covered the 610-sq ft floor 
of the living-room end of the house 
and six covered the bedroom end. 
These ducts were laid on a tapered 
layer of insulating concrete of the 
proper thickness to allow space for 
the thermal resistance layer above 
the ducts under the one-in. hard 
concrete floor. The concrete was 
covered with 1/16-in. floor tiles. 
A 12 x 13-ft rug covered part of 
the living room floor. 

A 2 x 18-ft area adjacent to 
the 16 x 8-ft window in the east 
wall was designed for 100 F max 
surface temperature to compensate 
for heat loss through the window. 
An approximately 8 x 12-ft area of 
the living room was designed for 
90F bare floor tile temperature. 
Half the surface of the rug was to 
be less than 85 F, with 100 F under 
the floor tiles. The remainder of 
the rug area was to have a maxi- 
mum temperature of 80 F, with 90 
F under the floor tiles, and the rest 
of the bare living room floor was 
_to.be less than 80 F. The kitchen 
‘area was to have a floor surface 
temperature between 70 and 75 F. 
It was intended that these maxi- 
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24 ft 


Fig. 1 Test site. 
Station numbers are 
shown in circles 


KITCHEN 


(a) PLAN SHOWING THERMOCOUPLE LOCATIONS 


RUG & PAD Tue 
TAPERED AIR 
INSULATION Cot. ain} 


CLAY DUCT 


(b) SECTION A-A SHOWING CONSTRUCTION 


mum temperatures would not be 
exceeded during prolonged heat- 
ing. 

Thermocouples were placed in 
the first duct at stations 1 through 
7 of Fig. 1, and in the sixth duct 
at stations 8 through 13, to meas- 
ure the duct air temperatures. 
Above each, another thermocouple 
was placed just under the surface 
of the concrete floor. In the mid- 
dle of the living-room and kitchen 
floors, thermocouples were placed 
at the top and bottom of the main 
insulating slab and two ft below 
the slab in the earth. 

Air temperatures in the rooms, 
heating ducts, furnace suction and 
discharge, fresh air intake duct, 
under the slab and outdoors were 
measured with iron constantan 
thermocouples connected to a po- 
tentiometer having a 0.1-mv least 
division and with one F mercury in 
glass thermometers. Air velocities 
outdoors, in the ducts and from the 
registers were measured with an 
anemometer. Heat flow rates 
through the floor surface were 
measured with a thermopile type 
heat meter.’ 


RESULTS 


The tapered thermal resistance 
layer maintained comfortable floor 


temperatures and kept the duct air 
at useful temperatures, so that ra- 
diant heating was effective from 
large areas of the floor. The sys- 
tem operated economically as a 
purely radiant heater and as a com- 
bined radiant and convective heat- 
er, and produced comfortable liv- 
ing conditions. 


DISCUSSION 


The heating system operated in 
accord with accepted standards of 
performance.’ Economy of opera- 
tion resulted from effective insula- 
tion and re-use, during non-heat- 
ing periods, of heat stored in and 
below the slab, combined with 
a low capacity (60,000-Btu/hr) fur- 
nace, the blower of which was 
operated frequently while the burn- 
ers were off, because of the recur- 
rent heating of air in the furnace 
discharge duct by the heat pre- 
viously stored in the brick ducting. 
Comfort was enhanced by fresh 
air, which could be introduced con- 
tinuously by the convective heat- 
ing. 

. Effectiveness of the thermal 
resistance layer in maintaining 
comfortable floor temperatures is 
shown in Table I. The data of 
Tables 1A and B were taken si- 
multaneously with the data of Figs. 
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Fig. 2 Performance test using radiant heating 
alone, with simulated high heating require- 
ments and room thermostat inoperative 
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Fig. 3 Performance test using radiant and 
convective heating, with room thermostat 


2 and 3, respectively. These runs 
at severe conditions were selected 
to illustrate operating characteris- 
tics obscured in typical runs. The 


operating at 73 F 


Table | 


Temperatures (F) of Top Surface of Floor Covering 


A. Radiation alone; approach to steady state (corresponding to Fig. 2} 


Time of Day 
2PM 6 8 10 
83 87 90 90 90 
80 85 87 89 90 
79 86 90 92 94 
73 75 77 78 79 
73 75 75 76 77 
73 74 76 75 76 
73 74 74 74 74 
79 82 84 84 85 
82 88 92 93 94 
75 76 77 77 77 
74 75 75 76 76 
74 76 76 76 75 
74 75 76 76 75 
75 76 75 74 74 


B. Radiation and convection combined (corresponding to Fig. 3) 


extra warmth at station 12 in Table 
1B after 3:00 was caused by the 100 65 75 
oven of the kitchen stove. 
The temperatures at stations 4 90 rr 70 
8 and 9 under sustained high heat- 5 90 66 70 
ing load, with the system operated. > 75 66 70 
7 75 66 68 
as a radiant heater only, are shown 8 85 70 74 
in Fig. 2. During the 12-hr period, 9 90 65 72 
conditions in the slab approached 10 80 68 72 
80 68 71 
steady state, with continuous oper- 12 5 67 71 
ation of the furnace caused by Bc ay 67 70 
setting the thermostat at its maxi- Room Air 69 72 
mum temperature. Windows were 
opened as needed to simulate high : 
heating load and to maintain rela- a 
3 g in Fig. | Max 7AM 9 
tively constant room air tempera- | 100 67 83 
tures. Effectiveness of the thermal 
resistance layer can be judged by 4 90 66 7! 
the large temperature differences 5 90 66 70 
between the heating air and the 
concrete under the tile. The floor 8 85 68 77 
surface in contact with the feet of es 90 - 
the occupants was kept at reason- 
able values even though the heat- 12 75 68 72 
g sy as not designed to 


carry that high a heating load at 
those room temperatures without 
convective heating. Temperatures 
to be expected after shorter heat- 
ing periods can be read from the 
curves. 

Operation of the combined 
radiant and convective system is 
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illustrated in Fig. 3. The room 
thermostat was set at 73 F instead 
of its design setting of 70 F to cause 
overheating to illustrate the fact 
that the floor covering and its ad- 
hesive were protected by the re- 


Time of Day 
i 1PM 3 7 
86 84 83 8! 79 
77 77 78 77 76 
75 75 75 75 re) 
73 74 76 76 75 
73 75 76 75 75 
72 74 77 76 76 
71 72 76 75 74 
80 8! 80 78 
76 76 78 77 76 
74 74 74 74 74 
75 75 76 76 76 
74 75 78 79 78 
74 75 77 77 77 
76 78 79 78 76 


sistance layer under adverse con- 
ditions. The furnace burner ran 
only until 8:45. The blower stopped 
for the first time at 8:54, then ran 
intermittently until 2:00 p.m. Thus, 
(Continued on page 70) 
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Heating, refrigerating, air conditioning 


and ventilating all are essential functions in 


Engineering for 


| 
| 


Engineering problems allied with 
all four of the basic aspects of 
ASHRAE technical activities are 
encountered and solved almost 
daily in a pharmaceutical manu- 
facturing company plant such as 
ours. 

We make tablets, hard shell 
capsules, soft elastic capsules, pow- 
ders, syrups, aqueous liquids, tinc- 
tures, emulsions, ointments, injec- 
table solutions, bulk solutions for 
intravenous feeding, plastics de- 
vices for intravenous injections 
and, last but not least, many chem- 
icals, including animal feed addi- 


page do these products create meet difficult operating conditions. a purge cycle and then the drying 


SE Or The insurance company require- cycle. A recording type controller 
ments for acceptable driers are quite is used to vary the drier tempera- 
; stringent. Basically, they require the ture in accordance with a prede- 
drier atmosphere to remain, at all termined cycle. This cycle is estab- 
times, below the explosive limit for lished by means of laboratory tests 
the solvent invoived. In addition, on small batches of the product to 
many other specific demands must _ be dried. This establishes the time 
be met. Explosion latches must be required for the initial low’ tem- 
used on the doors. Explosion telief perature purging of the drier as 
panels must be added to the driers well as the duration and tempera- 
if the door opening area is below ture for the final drying. In ad- 
one sq ft per 15 cu ft of drier vol- dition, it is necessary to include 
ume. Exhaust fans must be used on electrical interlocks to sense the 
each drier compartment. No mani- opening of the drier door at any 
folding of exhaust ducts is allowed. time during the drying cycle. The 
Fans handling flammable solvent- opening of a door trips a contrdl 
laden air must be of spark proof which forces the drying cycle to 
construction. All controls must be purge, and then the regulated dry- 
spark proof where flammable sol- ing phase. This is to prevent opera 
vents are used. This, sometimes tors from bringing in additional 
difficult, is always costly. An ac- trucks of material during the dry- 
ceptable alternate consists of ing cycle and thereby releasing 
putting the myriad of standard con- large volumes of flammable sd 
trols and their interlocks into a_ vents in short intervals. 
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are accurately weighed out in the 
drug warehouse where dust control 
is needed because of possible toxi- 
city of certain drugs. They are then 
blended in blending units where 
more dust control is applied. Next 
the materials are “wetted” with al- 
cohol or other additives and mixed 
in dough mixers like those used by 
bakers. The moist mix is then put 
through granulators to reduce the 
lumps to a fairly uniform size (this 
operation usually releases substan- 
tial amounts of alcohol or other 
solvents and requires fume control). 
The granulated mass is then spread 
on trays and dried at elevated tem- 
peratures in tray type driers. Many 
of our driers are of rather special 
design because of the need for 
safety devices when drying prod- 


steel housing and pressuring this In studying the problem of 
signed by our own engineers to 20using with a separate source of vent release we found that reason 
16 y gm uncontaminated air. able air changes in a lacquer drying 
Deer ae Tee ee A typical control system, using oven will keep the interior below 


cal Engineering both with the Abbott Labora- non-explosion proof type controls an explosive limit and even opei 
tories, These authors similarly addressed the F P b bl under 
ASHRAE Illinois Chapter several months ago. in a hazardous area, is one which gas burners are acceptable 

This is a condensed and reworded version 


specially prepared for the JOURNAL. programs the two speed supply for proper conditions. Controlled tests 
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Fig. 1 Many of the driers 
in this pharmaceutical plant 
are of special design to in- 
corporate safety devices 


on our products, in bench size 
driers, showed such a high vapor 
release that extra volume purging 
with no recirculation and a con- 
trolled rate of temperature rise is 
required. The rate of solvent re- 
lease is so high at the initial stage 
of drying that, in most cases, air at 
room temperature must be used. As 
the rate of solvent release falls off, 
the air temperature can be raised 
until the maximum drying tempera- 
ture is reached. In addition to these 
problems, we are limited in many 
cases to a conspicuously small tem- 
perature rise. Some of our products 
cannot be heated above 100 F. To 
increase the effectiveness of our 
driers we have had to supply de- 
humidified air through the make-up 
air systems. This is done by means 
of refrigerating coils used to bring 
the air down to approximately 55 
gr of moisture per lb of dry air. 
After the drying is complete, 
the product must be ground to a 
coarse powder by means of a ham- 


‘mermill. Again, dust control enters 


into the picture because this proc- 
ess is a dusty one. Now the product 
can be transferred to the tablet 
compressing room where more dust 
is created during the tableting proc- 
ess. This area is also maintained at 
35% R.H. This places a premium 
upon air conservation. Where non- 
toxic drugs are handled, the ex- 
haust air is filtered through a bag 
type dust filter and returned to the 
All toxic dusts are 


ed 
gh a separate, wet type dust 
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Fig. 2 Tablet coating is another specialized task requir- 
ing safety precautions in the handling of flammable solvents 


collector, and the air then is wasted. 
Where the tablets are to be used 


-in the uncoated condition, they are 


sent to the Finishing Department 
for packaging. Even there we have 
some dust control problems. How- 
ever, the major requirement con- 
sists essentially of maintaining the 
space at 35% R.H. 

Tablets to be coated are given 
further treatment. Originally, we 
used sugar coating such as candy 
and gum manufacturers use. Now 
we use an edible plastics coating to 
produce a thinner coat and at less 
cost. The thinner coat reduces tab- 
let size, thus making the tablet 
easier to swallow. However, the 
engineer's life is complicated by 
the problems of safely handling the 
flammable solvents used in the plas- 
tics coating. 

In the Liquids Manufacturing 
Department, where orally ingested 
liquids, emulsions, suspensions, syr- 
ups, etc. are made, our problems 
are limited to piping, general venti- 
lation and exhaust for the steam 
cleaning room. 

The manufacturing of injecta- 
ble products falls into two types. 
One is referred to as “non-sterile” 
but this is a misnomer because non- 
sterile injectables are never used 
by anyone. What is really meant is 
that the products are filled in clean 
ampoules under ordinary condi- 
tions and then steam sterilized after 
sealing. No special precautions are 
needed for these areas other than 


general cleanliness, good grade 


room air filtration, fume exhausts 


for the Bunsen burners used in seal- 
ing ampoules and, finally, general 
comfort conditioning. The other 
type of injectable is the “sterile 
filled” ampoule. In this case, the 
ampoules are cleaned and then 


sterilized in high temperature ovens 
prior to filling. The product, either 
liquid or powder, is prepared under 
sterile conditions. All handling of 
ampoules and product is then con- 
ducted under sterile conditions un- 
til the ampoules are sealed. 

This latter operation is natu- 
rally more costly but is needed 
when the product is not capable of 
withstanding the heating effect of 
15 psi sterilizing steam. Obviously, 
sterile techniques require extra 
clean rooms, including the washing 
down of all surfaces with a suitable 
bactericidal agent. Air supplies to 
such areas use either electrostatic 
or absolute filters. The personnel 
are required to wear surgical gowns 
and masks at all times. And, as a 
final precaution, ultraviolet lamps 
are used in these rooms. Since the 
development of absolute filters, we 
are now using them in the newer 
installations and other areas where 
an extremely pure air supply must 
be maintained. Additional compli- 
cations are introduced in some of 
these areas because of the need to 
provide exhaust for gas flame-seal- 
ers and the need to maintain hu- 
midities as low as 15% at 80 F DB. 
Such humidity control is main- 
tained by means of chemical de- 
humidifying equipment. We have 
used both adsorbers, which use 
granular activated alumina, and ab- 
sorbers, which use liquid sorbents. 
The adsorbers are more suitable for 
dehumidifying applications where 
a high leaving air temperature can 
be used to advantage. 

Another operation is Lyophilli- 
zation, otherwise known as Freeze- 
Drying. Here, certain heat sensitive 
products are frozen in their final 
containers at a temperature of 
minus 70 F and then transferred to 
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vacuum chambers which operate at 
300 micron of mercury vacuum 
(about 0.01 in.). At this vacuum, 
sublimation (solid passes to gaseous 
state without being liquefied) of the 
ice crystals in the product takes 

lace. The removal of the moisture 
from the product leaves a porous 
cake which can be dissolved by ad- 
dition of distilled water or other 
liquid additive used by physician. 

In our Fermentation Building 
certain liquids agitated in 5,000 
and 10,000 gal tanks produce anti- 
biotic liquors. Steam is used for 
pre-sterilizing the large tanks as 
well as providing supplemental 
heating to the contents. The unusu- 
ally heavy power load, consisting 
of 3000 kw electrical demand, is 
divided between the 100 hp agitator 
drives and the 600 hp motors on the 
air compressors. These supply 25 
psi air for the necessary oxygena- 
tion of the liquor. Cooling water is 
used directly from the lake, comes 
from cooling towers, or is chilled 
by means of steam jet refrigeration 
as may be determined by economics 
or availability of certain tempera- 
tures of water. 

As those complex organics 
known as fine chemicals require the 
use of either toxic or flammable 
gases and liquids, health and safety 
reasons dictate the need for numer- 
ous localized exhaust systems. Most 
of the buildings are relatively small 
and heavily loaded with many 
items of process equipment. This 
means that we are usually required 
to design highly efficient systems, 
using minimum quantities of air, 
in order to minimize the size of 
make-up air units to maintain rea- 
sonably comfortable conditions for 
the operators. 

Depending upon the corrosive- 
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Fig. 4 (A) Filtered and heated air is delivered to the face of the hood. 


| ON DITIONED 
JURBLY 
A 
| 


DITIONED 
SUPPLY 
GIZILLE 


H000 DOO? _ 


GIASTE Fla 
LON DITIOMED 


But (B) when the laboratory door is closed it is by-passed into the hood 


ness of the operation, we have used 
galvanized coated black iron, poly- 
ester resin, furan resin, transite, 
stainless steel and even considered 
the use of wood for some duct ap- 
plications. In fact, we have just 
worked out the details of a major 
duct system which finally turned 
out to be an underground concrete 
sewer line, of 42 in. diam, linking 
our Fermentation Building with 
our Boiler House. We found it 
more economical to run an under- 
ground line than an overhead stain- 
less steel line. 

Actually, we even ventilate 
some of our chemical sewer: sys- 
tems. In our new Chemical Build- 
ing, we have provided chemical 
drain sumps to act as catch basins 
for the various liquids being dis- 
posed from the processes. The efflu- 


Fig. 3 Freeze- 
Drying here in- 
volves first freez- 
ing to —70 F and 
then drying un- 
der 300 microns 
to sublimate ice 
crystals 


ent line from each sump is un- 
trapped and deliberately oversized 
(about 8-in. diam) to convey both 
liquids and ventilation air. A vent 
line is tied into the top of the efflu- 
ent line and terminates at a cen- 
trifugal blower on the roof of the 
building. This blower operates 
continuously. 

Normally, floor drains are 
rather innocent looking plumbing 
devices hardly meriting engineer- 
ing notice but, under some circum- 
stances, they can present some real 
problems. During the construction 
of an addition to our Pilot Plant, 
a welder generated some sparks 
which bounced along the floor and 
dropped into a floor drain in which 
the water seal had been allowed to 
dry out. The resulting explosion 
blew out approximately $10,000 
worth of chemical sewers. Flam- 
mable gases had backed up from 
the sewer main in the street. Nor- 
mally, we keep our floor drains 
deliberately flooded with cleat 
water, and under special condi- 
tions, we have even put blocks of 
dry ice at the floor drains to keep 
them flooded with carbon dioxide 
gas if unusual conditions warrant 
such action. In this case, such pre- 
cautions were overlooked because 
the building was unoccupied and 
no one anticipated any problem 
during construction. It is not suf 
prising that we provide mechanical 
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ventilation for certain sewer sys- 
tems in extremely high hazard 
areas. 

Our Boiler House shows close 
relationship to our central chilled 
water system. Until about two 
years ago, the plant consisted of 
two rather old 35,000 lb per hr 
boilers, and two 85,000 Ib per hr 
boilers approximately 10 yr old. 
These four units all operated at 
150 psi. The imminent construc- 
tion of our new eight story Re- 
search Building indicated the need 
for additional steam capacity as 
well as an additional 900 ton of 
central system refrigeration. A de- 
tailed study of the economics in- 
volved showed that if we could 
find a substantial steady load we 
could economically use high pres- 
sure topping turbines supplied from 
a high pressure boiler. We found 
a potential user of approximately 
80,000 Ib of steam per hour in our 
processing operations. This was, 
however, dependent upon the next 
increment of expansion which ap- 
peared to be a few years away. In 
addition, the economics of produc- 
ing refrigeration by means of a 
topping turbine was also investi- 
gated by us. 

As a result, we purchased 
an 850 psi boiler and we found 
that the premium for an 850 psi 
and 750 F total temperature boiler 
was only about 15% more than a 
150 psi unit. A 1150 ton refrigera- 
tion machine was bought which 
was driven by a high pressure top- 
ping turbine discharging at 150 psi 
into the plant steam system. This 
has proved to be a good installa- 
tion. Even though we do not get 
full year operation from this high 
pressure turbine, we will still re- 
cover our additional investment 
within a reasonable period of 
time. Only about one-third of the 
boiler capacity is being used for 
prime mover service which leaves 
other opportunities for further 
economies. 

The 1150 ton centrifugal com- 
pressor driven machine in our cen- 
tral refrigeration system is only one 
of a number. The balance of our 
plant consists of four additional 
refrigeration machines. One of 
these is a standby unit of 800 ton 
capacity and is powered by a non- 
condensing 150 psi turbine. Such 
machines are obviously too costly 
to run continuously but can be in- 


OCTOBER 1961 


Fig. 5 (A) Smoke test of hood in operation. Note that the flow of air 
down the face of the hood does not affect the ability of the hood 
to exhaust the smoke here produced. (B) This more modern wpe 
of hood (7 ft long) exhausts large volumes of smoke without dis 

ing the flow of filtered and heated air across its face 


stalled quite economically and do 
provide standby service for emer- 
gencies. The second machine is 
also a centrifugal unit operated by 
a 150 psi steam turbine discharg- 
ing at approximately 12 psi steam 
pressure. This machine feeds 12 
psi steam to a pair of 600 ton 
absorption machines which _bal- 
ance out the steam load quite ac- 
curately. The steam from the ab- 
sorption machines is finally con- 
densed out and returned to the 
Boiler House. Note that we start 
with 850 psi steam at the Boiler 
House, put it through the high 
pressure turbine on the large cen- 


trifugal machine and discharge 


steam into our general plant dis- 
tribution system at 150 psi, and 
feed it to the intermediate pressure 
turbine, which in turn discharges 
to the absorption machines. We 
get a lot of work out of our steam. 
Our chilled water flows in reverse 
direction through the combination 
of absorption machines and inter- 
mediate pressure turbine driven 
unit. 

The absorption machines re- 
duce the return water temperature 
from 54F to approximately 46 F 
and the turbine unit finally reduces 
it to the design temperature of 42 
F. Our condenser water parallels 
the chilled water flowing through 
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the absorption machine first, then 
through the turbine driven unit. 
The combination of absorption ma- 
chine and the centrifugal compres- 
sor is a balanced system. A reduc- 
tion in load is used to reduce auto- 
matically the steam consumption 
in the turbine machine and a pro- 
portionate steam exhaust to the 
absorption units. The larger high 
pressure centrifugal unit is, how- 
ever, an independent machine but 
is connected to a common chilled 
water distribution system. This 
chilled water is distributed through- 
out the plant, including our eight- 
story new Research Building. Now 
there is nothing unusual about 
chilled water being used to air 
condition a research building, but 
the way this building is air condi- 
tioned is unusual. We pooled the 
best talents of our own engineers 
with that of the architect for this 
phase of the design operation. 

One of the uncommon features 
of this eight-story building is a 
pipe shaft which runs the full 
length of the structure and is eight 
stories ~~ The various labora- 
tories back up to this giant shaft 
to receive all pipe supplied utilities 
as well as supply air ductwork, 
exhaust system ductwork, electri- 
cal power cabinets, telephone cabi- 
nets, etc. In addition, this shaft 
serves as a return air plenum for 
the entire building air conditioning 
system. 

The other uncommon item is 
the extensive use of unconditioned 
air supplied to the open faces of 
the laboratory exhaust hoods. This 
special design feature was used in 
an effort to minimize the air con- 
ditioning load in the building. 
Each laboratory has at least one 
exhaust hood and many have two. 
These will exhaust a volume of air 
usually in excess of the quantity of 
air required to air condition the 
average laboratory. 

To satisfy the hood exhaust 
requirements, it has been the gen- 
eral practice in designing air con- 
ditioning systems for laboratory 
buildings to supply conditioned air 
equal to at least the exhaust ca- 
pacity of the installed hoods even 
though this exceeded the normal 
conditioning requirements. The 
operating cost of this type of sys- 
tem is, of course, quite high. The 
initial installation cost is also con- 
siderably higher than a conven- 
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Fig. 6 Smoke bomb dem- 
onstrates the effectiveness of 
the hood in capturing so- 
called unconditioned air 


tional air conditioning system 
where most of the air is recircu- 
lated. 

To overcome the loss of condi- 
tioned air, we developed a method 
of supplying uncooled air to the 
face of the laboratory hoods. The 
air is then exhausted through the 
hood in place of the normal room 
air. 

This air, which will be referred 
to as unconditioned air, is filtered 
and heated only. It is delivered to 
the face of the hood as shown in 
Fig. 4A. Note a duct which ex- 
tends across the top face of the 
hood with grilles in the bottom 
This becomes an integral part of 
the hood design. The uncondi- 
tioned air is delivered to the face 
of the hood through the grilles 
and is exhausted by the hood fan. 

One important design feature 
of this hood is to keep the maxi- 
mum velocity of the unconditioned 
air leaving the grilles to a value 
below 250 fpm. This applies to 
hoods having 30-in. high door 
openings. Higher velocities cause 
air to be thrown beyond the work- 
ing table of the hood. This results 
in gases being aspirated out of the 
hood, which is undesirable. 

When the laboratory door is 
in the closed position, the uncon- 
ditioned air is bypassed into the 
hood as shown in Fig. 4B. The 
small portion of conditioned air 
which is exhausted through the 


hood enters below the door. Stops 
are provided on the door to regu- 
late the velocity of air at this point. 
The hood should preferably be 
operated with the door in the wide 
open position or in the full closed 
position for optimum performance. 

Our hoods are designed for 
an average face velocity of 75 fpm 
across the open door area of the 
hood. The correct velocity to be 
used is a debatable point. Pub- 
lished data range from 50 fpm to 
200 fpm. We had found that ve- 
locities in excess of 75 fpm produce 
a cooling effect on heating opera- 
tions in the hood or will disturb 
light powders. This, of course, our 
scientists do not want. Fig. 5A 
shows a smoke test of an actual 


hood in operation. This hood is 


38 in. wide and is not of the new 
air foil design. The flow of un- 
conditioned air down the face of 
the hood is not disturbing the 
effectiveness of the hood to ex- 
haust the large volume of smoke 
being produced. Lack of the air 
foil feature is not detrimental to 
the operation of this system. 

Fig. 5B shows a modern air 
foil type hood. It is 7 ft long and 
is exhausting effectively large vol- 
umes of smoke without being dis- 
turbed by the flow of uncondi- 
tioned air supplied down the face 
of the hood. Fig. 6 shows a smoke 
bomb burning in the uncondi- 
tioned supply air to the hood. The 
smoke pattern shows the effective- 
ness of the hood in capturing the 
unconditioned air. 

Prior to our decision to use the 
above system in our new Research 
Building, we had air conditioned 
an existing four-story Research 
Building in which an identical sys- 
tem was installed. Cost figures of 
this existing system were used as 
a guide in evaluating the new 
building installation. We found 
that this system as installed in the 
old four-story building permitted 
recirculation of approximately 75% 
of the conditioned air. In addition, 
this reduced the total refrigeration 
load in the building from 420 to 
230 ton. The 420 ton of refrigera- 
tion would have been necessary to 
exhaust all conditioned air as is 
normally done. 

The air conditioning system 
for the four-story building cost 
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Daily Insolation 


on surfaces tilted toward the equator 


BENJAMIN Y. H. LIU 


Measurements of solar radiation 
have been made up to this time 
primarily on horizontal surfaces 
and data for sloped or vertical sur- 
faces are extremely sparse. How- 
ever, the solution of engineering 
and scientific problems involving 
solar radiation generally requires a 
knowledge of the solar radiation 
incident upon surfaces of various 
orientation. Therefore, a method is 
here developed which enables the 
solar radiation on sloped surfaces 
to be determined when the radia- 
tion incident upon a horizontal sur- 
face is known. 

Although, with modification, 
the method proposed is probably 
applicable to surfaces of any orien- 
tation, the present research is re- 
stricted to surfaces tilted toward 
the equator (i.e. tilted toward the 
south for localities in the northern 
hemisphere and tilted toward the 
north for localities in the southern 
hemisphere) only. Solar energy 
collecting devices of current inter- 
est, with the exception of those 
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equatorially mounted to follow the 
diurnal motion of the sun and those 
at outer space, are generally so 
orientated for maximum exposure 
to sunshine. Radiation of solar 
origin only is considered and ther- 
mal radiation, either from the 
ground or from the atmosphere, is 
not involved. 

The subject of the present re- 
search has been investigated by 
various others’:*:* but the resulting 
empirical treatments of the prob- 
lem differ from the fundamental 
approach here followed. 


THEORETICAL 
CONSIDERATIONS 


Let H and H, be respectively the 
daily summations of the total radia- 
tion incident upon a_ horizontal 
surface and a tilted surface, and 
let D be the daily summation of the 
diffuse radiation incident upon a 
horizontal surface. Since H, in- 
cludes not only the direct solar 
radiation from the sun and the 
scattered solar radiation from the 
various parts of the sky but also 
the solar radiation reflected onto 
the tilted surface from the ground, 
whereas H is composed of only the 
direct and diffuse radiation, 


where Rp, Ra and Rp are respec- 


tively the conversion factors for the 
direct, diffuse and ground reflected 
radiation and are defined by the 
following ratios: 


daily direct radiation incident 
upon the tilted surface 


— 
daily direct radiation incident 
horizontal surface, 


1 Jordan, R. C. and Threlkeld, J. L., “Solar 
Energy Availability for Heating in the United 
States,” Heating, Piping and Air Conditioning, 
25(12):111-121, December, 1953. 

2 The method of E. M. Brooks as described by 
Hottal, H. C., in “Performance of Flat-Plate 
Solar Energy Collectors,”’ Space Heating with 
Solar Energy, Proceedings of a Course Sym- 
posium held at M.I.T., pp. 58-71, 1960. 
3Mossman, J., “Solar Incidence Conversion 
Factor and Heat Storage Efficiency of Water,” 
M.Se. Thesis in Chemical Engineering, M.I.T., 
Carnbridge, Massachusetts, September, 1950. 
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daily diffuse sky radiation in- 

a cident upon the tilted surface 

~~ daily diffuse sky radiation in- 

cident upon a horizontal sur- 
face, D 


daily summation of the radi- 
ation reflected onto the tilted 
surface from the ground 


* daily total radiation incident 

upon a horizontal surface, H 

Thus the conversion factor, R, 

for the daily total radiation is given 
by the following equation, 


D 
R= H./H= (1— —) Ro 
H 


D 
+—Rat+R, (2) 
H 


Each of these conversion factors, 
D 
Rp, Ra and Rp and the ratio — 
H 
will be separately considered. 


1. Conversion factor for daily di- 
rect radiation—In order that an 
approximate analytical expression 
for Rp may be obtained, consider 
the following two special cases. 

Special Case 1 — Surfaces Lo- 
cated Outside the Atmosphere of 
the Earth: 
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Outside the atmosphere of the 
earth, the solar radiation incident 
upon a horizontal surface is entirely 
direct radiation and therefore 


Rp = Hor/He (3) 


where H,, and H, are respectively 
the extraterrestrial daily insolation 
on the tilted and the horizontal 
surfaces. For this special case, Rp 
may be derived as follows. 

The extraterrestrial solar radi- 
ation intensity, I,,, on a horizontal 
surface at any instant is given by 


} Ton COS On (4) 
where 


Ion = radiation at normal incidence 
at the outer limit of the at- 
mosphere = solar constant, 
corrected for the variation of 
the distance between the 
earth and the sun from the 
mean distance, Btu/hr/sq ft 


CELESTIAL 


ERE 


APPARENT DIURAL 
PATH OF THE SUN 


Fig. 1 Relationship between zenith dis- 


Fig. 2 Diagram 
showing that sur- 
face located at 
the latitude, L, 
tilted toward the 
equator at an 
angle 8 deg from 
the horizontal sur- 
- face is parallel to 
a horizontal sur- 
face at the lati- 
tude deg 


tance, 6,,, latitude, L, solar declination, 


§, and hour angle, 


The incidence angle, @,, is a 
function of the latitude, L, the 
solar declination, §, and the hour 
angle, », as shown in Fig. 1. The 
following basic astronomical equa- 
tion is stated without proof, 

cos 6, = cos L cos 8 cosw 
+sinLsiné (5) 

The extraterrestrial daily inso- 
lation, H,, can be found by inte- 
grating Equation (4) with res 
to time for all hours during which 
the sun is above the horizon, i.e. 
when cos 6, is positive. Since one 
hour is equivalent to 15 deg or 
Qa 
—— radians of hour angle, and since 
24 
I,, and § are both approximately 
fixed quantities during one day, 


Ws 
24 
(cos Los 8 cos sin Lin 8) a( 


where wo, is the sunset hour angle 
in radians and is the hour angle 
at which cos 6, is zero. By Equa- 
tion (5), 


COS w. —= — tan L tan 6 (7) 


It should be noticed that during 
the summer months and in the 
polar circle when the sun never 
sets, indicated by the fact that the 
product on the right hand side of 
Equation (7) has an absolute value 
eater than one, o, in Equation 
6) should be replaced by =. 
Similar to Equation (4) one 
may write for a tilted surface, 


Io = Ion COS (8) 


where I,, and @, are the extrater- 
restrial radiation intensity and the 


LATITUDE, L, DEGREES 


@, == incidence angle of the solar 2a 
rays upon a horizontal sur- —ws 
face = zenith distance = 90 =— Ion (cos Leos sinws-+ssinLsin5) (6) 
deg — solar altitude angle 7 
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gram angle of incidence of the solar rays 24 : 
t sur- on the tilted surface. It can be seen Re — te [cos (L_— 8) cos 8 sin ws + o, sin (L— 8) sin 8] 
d at from Fig. 2 that a surface located when 
a at a latitude, L, tilted @ deg from & Sa’ (11) 
a the horizontal surface toward the 
fr bee: equator is parallel to a horizon- 24 
tal surface at the latitude Hor=— [eos (L— 8) cos 8 sin w’, + sin (L— 8) sin 8] 
lel to Therefore is the same as 6, at 
sur- the latitude L _ B, or @,’ = @s (12) 
be ‘ cos 6: = cos (L— B) cos § cos w + sin (L— 8) sin 8 (9) 
eg 
The extraterrestrial daily inso- Corresponding to the above two 
lation, H,,, on a surface tilted to- equations, two expressions for Rp 
ward the equator can then be for the special case under consider- 
found similarly by integrating I,, ation are obtained: 
ngle of Equation (8) with re spect to time. cos (L— BB) sin ws — ws COS ws’ 
ngle Since the integration should be car- Ro= when ws Sw.’ (13) 
qua- ried only over the period during cos L SiN Ws — Ws COS Ws 
which the sun is above the horizon 
and in front of the tilted surface, © 
(7) both cos 6, and cos @, should re- 8 ppg 
main positive within the limits of + 
integration. If a sunset hour angle Fig. 7 |_| Hop “EXTRATERRESTRIAL DAILY iNSOLATION 
the ? |_| SURFACE TILTED TOWARD THE Equator | | 
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cos (L— £8) _ sin ws’ — ws’ COS w,’ 


when ws’ S ws (14) 


cos L 


Special Case 2— Surfaces Lo- 
cated on the Earth and during the 
Time of Equinox: 

In passing through the atmos- 
phere of the earth the intensity of 
the direct solar radiation is reduced 
due to scattering and/or absorption 
by water vapor, clouds, dust par- 
ticles, ozone, dry air molecules, etc. 
Consequently, on the surface of the 
earth the observed intensity of the 
direct solar radiation is only a frac- 
tion, 7, of the intensity of solar 
radiation incident on top of the 
atmosphere. Hence, by definition, 


OF Ws’ 


SIN Ws — ws COS Ws 


equinoxes for surfaces located on 
the earth and tilted toward the 
equator at any angle 8. Since the 
exact evaluation of Rp by means of 
Equation (15) requires a knowl- 
edge of the atmospheric transmis- 
sion coefficient, +, which except for 
cloudless days is now only mea- 
gerly understood, it is recom- 
mended Equations (13) and (14) be 
used as a first approximation. 

It should be clear that except 
during the time of equinoxes the 
application of these equations 
should be made on a ‘long term 


24 
r Ion [cos (L— £) cos § cos w + sin (L — £) sin 8] a( 


—(ws OF ws’) 


Rp = 


2er 


Ws 


——Ws 


where for any specific day, 7 is 
a function of the hour angle and 
in general Rp can be evaluated 
only when this functional relation- 
ship is known. However, on equi- 


nox when § = 0 and o, = o,’ = 


bo | 4 


r Ion [cos L cos8 cosw + sin L sin 8] a( 


24 
—w (15) 
27 

statistical average basis only, since 
the extremely variable cloudiness 
would preclude the possibility of 
predicting the value of Rp for any 
single day that is not completely 
cloudless. It should also be ex- 
pected that the use of these equa- 
tions will give best results se 
the solar declination is not large 
and probably becomes less reliable 
for times during the solstices. For- 
tunately, a set of experimental data 
for a south facing vertical surface 


B) 
(16) 


2 
T 


2 


which is completely independent 
of how the values of + may vary 
with the variation of the atmos- 
pheric cloudiness, water vapor, etc., 
during the day. It should be no- 
ticed also that the expression for 
Rp in Equation (16) is precisely the 
same expression given by Equa- 
tions (13) and (14) when § = 0. 
The two special cases consid- 
ered above show that although 
Equations (13) and (14) are derived 
by considering the extraterrestrial 
solar radiation only, they do give 
the correct expressions for Rp on 
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cos L 


is available for Blue Hill, Massa- 
chusetts, and the overall error in- 
volved with the approximations 
here made can be determined 
when the theoretically computed 
conversion factors are compared 
with those derived from the experi- 
mental data. 


The values of Rp are com- 
puted for each of the twelve months 
using the mean solar declination 
and are shown in Figs. 3 to 7 for 
surfaces tilted at angles respec- 
tively equal to and 10, 20, and 30 
deg larger than the latitude and 
for the special case of 8 = 90 deg 
(vertical surface). 


2. Conversion factor for diffuse sky 
radiation — It is generally observed 


that diffuse radiation not only 
varies in intensity with the atmos. 
pheric water vapor, clouds, dusts, 
contents, but also in angular dis. 
tribution when the atmospheric 
condition changes. If it is assumed 
as an approximation that the dif. 
fuse sky radiation is isotropic, ie, 
it is uniform in all directions, then 
it can be shown that the ratio of 
the intensity of diffuse radiation 
incident upon a surface tilted at f 
deg from the horizontal surface 
to the intensity of diffuse radiation 
incident upon a horizontal surface 
is %(1 + cos f). Since this ratio 
is independent of the position of 
the sun in the sky, it also repre 
sents the ratios of the hourly and 
daily sums of diffuse radiation on 
a tilted surface to those on a hori- 
zontal surface. Thus 


Ra= % (1+ cos 8) (17) 


3. Conversion factor for the ground 
reflected radiation — Since the ma- 
jority of the ground surfaces nor- 
mally encountered, such as grass, 
concrete and sand, reflect radiation 
more or less diffusely, only the case 
of perfect diffuse reflection will be 
considered. 

Let the ground in front of a 
surface tilted 8 deg from the hori- 
zontal surface be of infinite extent 
and have a uniform hemispherical 
reflectivity (or albedo) p, for solar 
radiation. When the total radia- 
tion incident upon the horizontal 
surface has the intensity, Im, the 
reflected radiation has the intensity 
plm. Since the radiation is re 
flected diffusely, the problem is 
similar to one of the exchange of 
thermal radiation when the hori- 
zontal surface is emitting radiation 
diffusely and at a rate equal to 
plm. The intensity of the radiation 
incident upon the tilted surface 
due to ground reflection can then 
be computed by methods of ther- 
mal radiation heat transfer.* The 
following equation can be obtained 
by integration, 


(1— cos B) 


(18) 
2 


Im 


where 


I,= intensity of radiation reflected 
onto the tilted surface from the 
ground, Btu/hr/sq ft 


Thus the conversion factor for ground 
reflected radiation is 


(1 — cos 


(19) 
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When the ground is not of 
uniform reflectivity, the conversion 
factor can be determined in the 
following manner. It will be as- 
sumed that the ground surface can 
be subdivided into a finite number 
of portions so that a single hemi- 

herical reflectivity can be as- 
signed to each portion. Let the sur- 
face area of the portion of ground 
with reflectivity p; be A; and the 
surface area of the tilted surface 
(such as the surface of a window, 
a solar collector, the sensing ele- 
ment of a pyrheliometer, etc.) be 
A,. Then the radiation incident 
upon the tilted surface due to the 
reflection of A, is 


A: Im Btu/hr 


where F;., is the geometrical con- 
figuration factor (or angle factor, 
shape factor, view factor, etc.) of 
the tilted surface A, with respect 
to the area A,;. However, for per- 


(20) 


fect diffuse surfaces this reciprocity 
relation is true, 
A: Fi.= A. (21) 


where F;.; is the geometrical con- 
figuration factor of the surface A; 
with respect to the surface Ag. 
Combining Equations (20) and (21) 


(22) 


The average radiation intensity on 
the tilted surface due to the reflec- 
tion of the entire ground surface is 
given by 


(=: qi)/As 21 Fs-1 pi (23) 


Thus for the case of non-uniform 
reflectivity, 


R, ps (24) 


Since the conversion factor is given 
by Equation (19) for a ground sur- 
face of uniform reflectivity, an 
average hemispherical reflectivity p 
for the ground of non-uniform re- 
flectivity can be defined by equat- 
ing Equations (19) and (24), 

p=2 (2; (25) 


With this definition of p the con- 
version factor for the ground re- 
flected radiation for either of the 
above considered cases is given by 
Equation (19). 

The values of the reflectivity 
(or albedo) of various types of sur- 
faces obtained by different ob- 
* Eckert, E. R. G. and Drake, R. M., Jr., “Heat 
and Mass Transfer,” McGraw-Hill Book Com- 
pany, 1959, 
J Smithsonian Meteorological 
Tables, 6th revised edition, Smithsonian In- 


stitution, Washington, D. C., Table 154 & 155, 
DD. 442-444, 1958, 


qi =A, Pi Tra 


OCTOBER 1961 


1.0 r 
| BASED ON STATISTICAL AVERAGES, |_| 
es THE RATIO D4, AS A FUNCTION OF 
0.8 ie THE CLOUDINESS INDEX, Kr a 
4 = = = 4 + 
(2) ON A LONG TERM MONTHLY AVERAGE—17 | | | 
Basis, 5/4 AS A FUNCTION OF Ky wie 
0. t + 
+ + 
0.1 0.2 04 0.5 0.6 0.7 08 


RATIO DAILY TOTAL RADIATION ON A HORIZONTAL SURFACE 
~ EXTRATERRESTRIAL DAILY INSOLATION ON A HORIZONTAL SURFACE * 


og 
Kr Ho Ky Ho 


Fig. 8 The relations between the daily total and daily 
diffuse radiation. Curve (1) gives the ratio, D/H, of the 
daily diffuse to daily total radiation on a horizontal surface 
as a function of the cloudiness index, Ky, = H/H,, where 
D is the average daily diffuse radiation received on days 
when the daily total radiation, H, received is a given fraction, 
Ky, of the solar radiation, H,, incident on top of the atmos- 
phere. Curve (2) gives the ratio D/H, as a function of 


K, = H/H,, where both D and H are respectively the long 


term monthly averages of the daily diffuse and daily total 
radiation on a horizontal surface 


servers have been compiled by List® 
and part of his compilation is re- 
produced here in Table I. 


4, Diffuse sky radiation—Since the 
most commonly available insola- 
tion data are the total radiation, H, 
and the computation of the insola- 
tion on a tilted surface by means 
of the method here proposed re- 
quires also the diffuse component, 
D, the accuracy to which H, can 
be computed in many cases de- 

nds largely on the accuracy to 
which the diffuse radiation can be 
estimated. It has been shown by 
the authors* that when statistical 
averages are considered, relations 


* Liu, B. Y. H., and Jordan, R. C., “The In- 
terrelationship and Characteristic Distribution 
of Direct, Diffuse and Total Solar Radiation.” 
Solar Energy, Vol. 4, No. 3, July 1960. 


Table | Reflectivity of the Various 
Types of Surfaces 
Surface Reflectivity, % 
Fields, various types .......... 3-25 
3-10 
Grass, various conditions ...... 14-37 
Ground, bare ................ 7-20 
8-14 
18 
46-86 


exist between the diffuse and total 
radiation on a horizontal surface. 
These relations, reproduced here in 
Fig. 8, can be utilized for the esti- 
mation of the diffuse radiation 
when the total radiation is known. 

In Fig. 8, Curve (1) gives the 
relation between D and H, and 
Curve (2) gives the relation be- 
tween D and H, where D and H 
are used to denote the monthly 
average values. In using these 
curves the different meanings of 


the diffuse radiation D and D 
should be clearly distinguished — 
the former denotes the average 
diffuse radiation received on days 
when the daily total radiation, H, 
received is a given fraction of that 
incident on top of the atmosphere 
and therefore represents the aver- 
age diffuse radiation to be expected 
on days of a given degree of cloudi- 
ness (the degree of cloudiness is 
indicated by the value of Ky = 
H/H.), whereas the latter repre- 
sents the monthly average diffuse 
radiation and is the average dif- 
fuse radiation for all days during 
the month regardless of the degree 
of cloudiness of the individual 
days. 


57 


: 
olx 
- 
Nie 
« > 
Ele 
aia 
ra) 
Tees 
EAYA 
iation 
ial to 
iation 
urface 
then 
ther- 
er 
The 
4 
ained 
ected 
m the 
round 


44004 1200 
ad 
4000- i 
<u 36004 '000 | 4 
200012 | > 
PY 2 3 600 

12004 
- ~ > 
8004 2004+ 

400- 

oJ oll = 
° 10 20 30 40 50 60 70 80 90 


NORTH LATITUDE, L, DEGREES 
Fig. 9 The extraterrestrial daily insolation, H,, on a hori- 


zontal surface 


The extraterrestrial daily inso- 
lation H, for each month needed 
for the determination of Ky and 


Ky can be computed by means of 
Equation (6) with the use of the 
mean solar declination for each 
month. Fig. 9 shows H, plotted 
against the latitude for each of the 
twelve months. These values are 
based upon a solar constant of 2.00 
ly/min or 442 Btu/hr/sq ft. 

Combining Equations (2), (17) 
and (19), 


D 1 D 
R= (1— —) Ro + — (1++ cos B) — + — (1— cos p 
H 2 H 2 


COMPARISON OF RESULTS 
Since 1945, the Weather Bureau of 
the United States has at its solar 
radiation station at Blue Hill, Mass., 
made measurements of the total 
radiation incident upon a south 
facing vertical surface and a hori- 
zontal surface. These experimental 
data are here used to determine the 


accuracy of the method here pre- 
sented. 


1. Conversion factor for the monthly 
average daily total radiation — For 
monthly average values, and for a 
vertical surface facing south, Equa- 
tion (26) reduces to 


D 1D 


R=H./H= (1 Ro +——+—?P 


H 2H 


In Table II, Columns (1) to 
(26) 


(3) show the radiation and conver- 
sion factors derived from the five- 
year (1952-1956) data for Blue Hill, 
Mass.,’ and Columns (4) to (8) show 
the various quantities for the com- 
putation of the theoretical conver- 


7 Blue Hill solar radiation data obtained from 
Mr. C. V. nniff, U. S. Weather Bureau, 
Blue Hill Observatory, Milton, Mass, 


sion factors. The theoretical con- 


version factors, R, in Column (8) 
have been computed using an arbi- 
trarily chosen reflectivity p of 02 
for the ground surface in front of 
the vertical south facing pyrheli- 
ometer at Blue Hill. However, with 
the actual conyersion factors known 
from the experimental data, Equa- 
tion (27) can be used to solve for 
the correct “reflectivities” which 
will make the theoretical and ex- 
perimentally determined conver- 
sion factors agree exactly. The 
“reflectivities” so computed are 
shown in Column (9). 

It is doubtful that these are 
the actual values of the reflectivity 
of the ground surface at Blue Hill, 
since they also include experi- 
mental error and errors arising 
from the various approximations 
here made, and the authors can 
make no direct comparison since 
the actual reflectivities are un- 
known. However, the fact that 
these reflectivities are of the cor- 
rect order of magnitude indicates 


(27) 


that the method here proposed is 
valid. The abrupt increase of the 
value of p during January and 
February is expected as a result of 
the presence of snow cover on the 
ground. 

The effect of ground reflectiv- 
ity on the insolation received on a 
vertical surface facing south can 
be seen also from Table II. For 
example, for January, if after a 
fresh snow fall, the reflectivity of 
the ground is increased from 0.2 to 
0.8 the conversion factor is in- 


Table II—Experimental and Theoretical Factors for Converting Total Solar Radiation on a Horizontal Surface to a 
Vertical Surface Facing South at Blue Hill, Mass. (Lat. 42°13'N) 


EXPERIMENTAL (1952-1956 
(1) (2) 


(3) __ 

H* H: R=— 

Month langley/day langley/day H 
136 245 1.80 
eee 209 289 1.38 
Mar. 283 269 0.93 
Apt. 368 223 0.61 
May ..... 462 202 0.44 
534 210 0.39 
527 222 0.42 
431 231 0.54 
Sept... 382 278 0.79 
252 311 1.23 
162 260 1.60 
Des, ..... 125 242 1.94 


* 1 langley = 3.687 Btu/sq ft 
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THEORETICAL 
(4) (5) _ (6) (7) (8) (9) 
H D 
Ho — Rp R (p = 0.2) p 
langley/day He H 
331 0.411 0.448 2.58 1.74 0.32 
470 0.445 0.415 1.73 1.32 0.34 
650 0.445 0.415 1.01 0.90 0.26 
836 0.440 0.420 0.515 0.61 0.20 
962 0.481 0.389 0.281 0.47 0.14 
1020 0.524 0.355 0.201 0.41 0.16 
998 0.528 0.352 0.230 0.43 0.18 
888 0.485 0.386 0.397 0.54 0.20 
726 0.485 0.386 0.770 0.77 0.24 
54! 0.466 0.399 1.41 0.36 
385 0.421 0.436 2.27 1.60 0.20 
296 0.422 0.435 2.88 1.94 0.20 
Avg. 0.23 
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creased from 1.74 to 2.04—an in- 
crease of 17%. Therefore for win- 
ter collection of solar energy by 
means of vertical collectors, the 
snow cover in front of the collec- 
tors should be preserved. 

On the other hand, for the 
month of June, when the reflectiv- 


ity is increased by 0.15 (an increase » 


easily achieved if the ground is 
changed from black with 10% re- 
flectivity to grass of 25% reflectiv- 
ity), the radiation incident upon 
the south facing vertical surface is 
increased approximately 20%. If 
other things remain equal, this 
should be avoided for summer air 
conditioning. 


2. Variation of the conversion fac- 
tor for daily total radiation during 
the same month with the degree of 
atmospheric cloudiness — For days 
of a given degree of atmospheric 
cloudiness, and for a vertical sur- 
face facing south, Equation (26) 
becomes, 


1D 1 

(28) 


D 
(1——) Ro + 
H 


For a given month when Rp 
is constant, R becomes a function 
of the ratio D/H. Since the ratio 
D/H is a function of the cloudiness 
index Ky, as Curve (1) of Fig. 8 
indicates, the conversion factor for 
the daily total radiation should 
vary with the variation of the at- 
mospheric cloudiness. In Fig. 10, 
the values of R computed by means 
of Equation (28) for the latitude of 
Blue Hill (42° 13’) are shown plotted 
as a function of the cloudiness index 
Ky for the four months: December, 
February, April and June. The ex- 


THEORETICAL CURVES BASED ON DECEMBER 
3 [| A GROUND REFLECTIVITY OF 0.2 (Ro= 2.88 
EXPERIMENTAL POINTS BASED ON Ho= 296 LY/DAY)) 
~ THE 1947-1956 DATA OF THE 
BLUE HILL OBSERVATORY, 
_MILTON, MASS. (LAT. 42°13 N) 
=|> 
20 
4 
>i< 
2 6 FEBRUARY 
gi 7 (Rp 
Ho= 470 LY/DAY) 
= A. 4 
Ho= 836 LY/DAY) 
04+-++< JUNE 
al 0.201 
5 |_| Hort020 LY/DAY) 
° TOTAL RADIATION ON A HORIZONTAL SURFACE, H 
RATIO Kt= EXTRATERRESTRIAL DAILY INSOLATION ON A HORIZONTAL SURFACE, 
Fig. 10 The theoretical and experimental factors for con- 
verting the daily total radiation from a horizontal surface 
to a vertical surface facing south at Blue Hill, Mass., showing 
the dependence on the atmospheric cloudiness 
perimental points shown are de- sun in the sky are more favorable 
rived from the ten year (1947-1956) for the incidence of the direct solar 


data for Blue Hill. 

The experimental conversion 
factors for each month have been 
obtained by first classifying the 
days into a number of groups such 
that the values of H for days be- 
longing to each group fall within 
a limited interval of values (the 
sizes of the intervals are indicated 
by the differences of the values of 
H of the neighboring points) and 
the ratio R = H,/H is then com- 
puted for each group where both 
H, and H are the average of the 
daily total radiation on the tilted 
and horizontal surfaces for the days 
belonging to each group. 

It is interesting to note from 
Fig. 10 that during the winter 
months when the positions of the 


radiation on a vertical surface fac- 
ing south and consequently the 
values of Rp are large, the conver- 
sion factor for daily total radiation 
increases rapidly with decreasing 
atmospheric cloudiness due to the 
decrease of the ratio D/H. On the 
contrary, for the month of June, 
when Rp is small, the value of R 
decreases slightly when Ky in- 
creases. This does not mean, how- 
ever, that during the month of 
June the radiation incident upon a 
south facing vertical surface at 
Blue Hill becomes less as the at- 
mosphere becomes clearer. Be- 
cause the radiation incident upon 
the vertical surface is the product 
RH and is not determined by the 
value of R alone. 


Patent Act Celebration Planned 


from the National Science Foundation. Seventeen 
foreign officials are being asked. 


The United States Department of Commerce and 
the Patent Office, in cooperation with several pri- 
vate patent organizations, are planning a three-day 
program (October 18-20, 1961) to be held in Wash- 
ington, D.C., in celebration of the Patent Act of 
1836 and a series of workshop meetings (October 
23-25) devoted to the problem of information 
retrieval. The Celebration program will contain 
discussions of Patent System problems and will 
include industrial exhibits, luncheons, receptions 
and a reception and banquet on October 19 to 
which the President of the United States has been 
invited. Officials of foreign Patent Offices are being 
invited to the workshop meetings under a grant 


OCTOBER 1961 


ASHRAE President John Everetts, Jr., has 
accepted the invitation extended by Dr. Vannevar 
Bush, Chairman of the Celebration’s National 
Sponsoring Committee, to become a member of 
that Committee. Because of other ASHRAE com- 
mitments at the time scheduled for the Celebration, 
Mr. Everetts asked ASHRAE Fellow and Board of 
Directors Member P. R. Achenbach to represent him. 

Of interest to members of ASHRAE should 
be the October 18-20 program emphasizing the 
significance of the Patent Incentive System and 
outlined as follows: October 18 — Patent System 
industrial aspects; October 19 — legal aspects; Oc- 
tober 20 — international aspects. 
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When designing hospital 


Operating Room Ven tilation 


Many special demands are put 
upon the ventilation system of the 
modern operating room. It is ex- 

ed to bring in air which is 
essentially free of bacteria, dust, 
and odors; it is expected to pre- 
clude the possibility of an explo- 
sive mixture of a flammable anes- 
thetic developing; it is expected 
to remove rapidly and completely 
bacteria, dust, odors and chemical 
irritants produced within the room; 
and it is also expected to aid in the 
therapy of some patients. All this 
should be done silently and with- 
out drafts. 

Consideration in this paper 
will be given to the quality of the 
air coming into the operating room, 
the quality of the air within the 
operating room, and the movement 
of this air in the surgical area. As 
used here, “quality” of air refers to 
presence or absence of bacteria, 
dust, odors and chemical irritants. 

Reference will be made to 
data collected from a mail survey 
of 200 hospitals, carried out during 
the summer of 1960, to learn cur- 
rent practices of designing engi- 
neers with regard to meeting the 
requirements for efficient operating 
room ventilation systems. These 
hospitals were located in various 
parts of the United States and 
varied in size. The survey included 
1100 operating rooms in hospitals 
having from one to more than 14 
operating rooms per hospital. The 
year of installation of ventilating 
systems ranged from 1921 to 1960 
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with about 75% of the systems be- 
ing installed since 1950. 


QUALITY OF ROOM AIR 

To have high quality air in the 
operating room, attention should 
be given to the quality of the air 
supply which is taken from the 
outside. If a new institution is to 
be built, each possible building site 
should be studied from the stand- 
point of the relative amounts of air 
pollution in each area. The nature 
and amount of industry, other in- 
stitutions, traffic and other sources 
of air pollution also should be 
considered in making a selection. 
Once building site been lo- 
cated, consideration must be given 
to the air pollution which will be 
created by the institution itself. 
Discharges from the hospital power 

lant stack, incinerator stack, 

itchen exhaust systems, labora- 
tory, morgue, surgery, lavatory, 
laundry and general building ex- 
haust systems will add to the pol- 
lution of the air in the hospital 
area. The total amount of pollution 
generally present in the area is a 
factor to be considered in deter- 
mining the height above grade of 


the air intake for the operating 
room ventilation system.* 

In addition to the height of 
the air intake, another difficult 
problem is its location with refer- 
ence to other building exhausts 
which discharge odorous, noxious, 
and otherwise hazardous materials 
into the air. Air intake should be 
upwind from such exhaust dis- 
charges; however, it is obvious 
that this location is effective only 
when the wind is blowing from the 
prevailing direction. On still, hu- 
mid days, wind direction has no 
effect and on days when wind di- 
rection is opposite that of the pre- 
vailing direction, the contamina- 
tion of the air supply may be ex- 
tensive. The most effective way 
for the designing engineer to mini- 
mize this problem is to increase 
the distances, as far as is possible 
and practical, between the various 
discharges and the ventilation sys- 
tem air intake. There is no estab- 
lished distance or formula to ap- 
ply; however, it is obvious that a 
25 ft distance would be better than 
a 5 ft distance and a 50 ft distance 
would be better than a 25 ft dis- 
tance. Table I shows the condi- 
tions which exist in the hospitals 
surveyed with regard to distance 
in feet between the point of dis- 
charge of various types of exhausts 
and the air intake for the operating 
room ventilation system. 

Hasty examination of the data 
in Table I might lead to faulty 
conclusions. For example, it might 
be concluded that the designers 
regard the incinerator stack dis- 
charge, power or heating stack dis- 


* Air at ground level is considered to be of 
lower quality than at the top of a specific 
building, In the survey referred to 20% of the 
existing ventilating systems for surgery 

pom gd which were located 10 ft or less above 
grade, 
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charge, and laundry exhaust as the 
most hazardous since these were 
most commonly located more than 
100 ft from the intake for surgery. 
It must be recognized, however, 
that the power plant, incinerator 
and laundry frequently are housed 
together in a — building 
away from the hospital proper. 
This automatically creates a great 
distance between the exhaust from 
these facilities and air intake for 
surgery. This is a desirable situa- 
tion, but it might not have been 
brought about because of a con- 
cern on the part of the designer for 
the quality of air that was to be 
supplied to surgery. 

There is little uniformity re- 
garding the distances between the 
various exhaust systems and the air 
intake for surgery. This could be 
interpreted to mean that either 
there is but little attention being 
given to this problem or there is 
little agreement among designers 
as to proper distances to maintain. 

When discussing exhausts and 
quality of air, one needs to con- 
sider potential problems and haz- 
ards associated with different kinds 
of exhaust material. It would ap- 
pear that discharges from the in- 
cinerator stack, laundry ventilating 
systems, and laboratory hoods pre- 
sent the most serious potential haz- 
ards. Incinerator stacks frequently 
discharge smoke and odorous ma- 
terial associated with incomplete 
combustion. With incomplete com- 
bustion of infectious material, it is 
possible that such discharges may 
contain viable organisms and be a 
mechanism of spreading infection. 
In a similar way, air exhausted 
from the laundry may also be 
capable of spreading infectious or- 
ganisms. Highly toxic and noxious 
materials discharged from labora- 
tory hoods are dangerous and must 
be removed from air which will be 
supplied to operating rooms. 


Table | 


Number of Hospitals Reporting the Indicated Distances between Air 
Intake for Surgery and the Indicated Type of Exhaust 


e 
Ss 
£5 £53 588 
Sef 228 
Less than 25 4 10 30 il 
25-50 27 27 86 48 
51-75 19 18 20 22 


76-100 29 35 30 32 
Over 100 =: 103 83 20 47 


Discharges from the heating 
or power plant, kitchen and from 
surgery itself may present prob- 
lems. In coal-burning areas, smoke, 
fly ash and odors from a heating 
or power plant stack would be 
undesirable in operating room air, 
although they might not be a seri- 
ous hazard. Similarly, it would be 
undesirable to be able to deter- 
mine the day’s menu by the odors 
reaching the surgical suite from 
the kitchen exhaust. It would be 
objectionable, too, to have the ex- 
haust from surgery so close to its 
intake that exhausted, contami- 
nated air short circuits and is 
drawn back into the intake supply, 
even though the situation might 
not be highly dangerous. 

Perhaps the least troublesome 
of discharges are those from the 
Aer building ventilation and 
avatory systems. In the case of 
the general building exhaust, the 
volumes are relatively large and 
afford considerable dilution of 
odors and contaminants before be- 
ing discharged from the building. 
The volume exhausted from the 
lavatory systems is relatively small 
and dilution will take place with 
the ontdoor air. 

After all steps have been taken 
to select the optimum point from 
which to supply the air, the de- 
signer must plan for effective 
means of cleaning the air before 
it reaches the operating room. 
From a bacteriological standpoint, 


To have high quality air in the operating room, first attention should be given 
to the quality of the air supply which is taken from the outside. 


With presently available air cleaning devices, it is possible to supply 
air to surgery with as few as one or two organisms per cu ff. 


Major control measures to reduce the concentrations of airborne bac- 
teria in operating rooms are dilution and replacement with air which is 


essentially free of bacteria. 
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there are no well-established stand- 
ards of cleanliness or “quality” of 
air for operating rooms. It is 
known, however, that with pres- 
ently available air cleaning de- 
vices, it is possible to supply air 
to surgery with as few as one or 
two organisms per cu ft. 

In the survey, information was 
obtained relative to the types and 
combinations of types of filters be- 
ing used to clean the air for sur- 
gery. Among hospitals responding, 
it was found that 42% used dry 
filters only, 6% used viscous im- 
pingement filters only, 3% used a 
combination of viscous impinge- 
ment and dry filters and 6% used 
electronic air cleaners only. An- 
other 20% used a combination of 
electronic air cleaners and dry fil- 
ters, 6% used a combination of 
electronic air cleaners, viscous im- 
pingement and dry filters, 6.6% 
used a combination of electronic 
air cleaners and viscous impinge- 
ment filters and 8.6% used a variety 
of other combinations. 

Before the survey data were 
tabulated, it was speculated that 
an analysis (see Table II) of the 
data according to the age of the 
ventilating system would show an 
increased usage of higher efficiency 
filters and more combinations of 
filters with recency of installation 
of the system. There has been a 
gradual decrease in the use of a 
single filter to clean the air for sur- 
gery. It is of some concern, how- 
ever, to realize that about 5% of 
the air supply systems for surgery 
installed in the last five years rely 
on viscous impingement type filters 
as the sole air cleaning device. This 
oe of filter is regarded as a low 
efficiency filter and cannot be ex- 
pected to produce high quality air. 
They can, however, perform a use- 
ful purpose as a roughing or pre- 
filter for a high efficiency filter. 


Over one-third of the air supply 
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systems for surgery installed in the 
last five years use dry air filters as 
the sole air cleaning device. In this 
survey, medium efficiency filters 
constituted the classification of dry 
air filter. None of the hospitals in 
the survey used absolute, ultra or 
high efficiency filters. 


FILTERING THE AIR 
Nearly 8% of the systems installed 
in the last five years use an electro- 
static air cleaner as the sole air 
cleaning device. Even though this 
can clean air efficiently, problems 
of possible blow-off, no air clean- 
ing in the event of a power failure, 
reported low efficiency on certain 
types of dust and possible low air 
cleaning efficiency under malfunc- 
tioning of the high voltage system 
lead one to question the advisabil- 
ity of using this device as the sole 
air cleaning facility for surgery. 

About 50% of the operating 
room ventilating systems installed 
in the last 10 years have used com- 
binations of air cleaning devices; 
most of these are an electrostatic 
air cleaner combined with an air 
filtering device. In the 77 installa- 
tions made in the last five years, 
there were ten different combina- 
tions of air cleaning devices used. 
This undoubtedly reflects the avail- 
ability of a greater variety of filters 
and the increased concern on the 
part of designers to provide better 
air cleaning systems. Since there is 
no single air cleaning device which 
takes care of every air cleaning 
situation completely, it is neces- 
sary for designers to understand 
clearly the air quality requirements 
for surgery and, on this basis, to 
select a combination of air clean- 
ing devices which can deliver this 
air reliably and economically. 

Providing good quality incom- 
ing air in surgery is not the only 
answer to low concentrations of 
airborne organisms, since the ac- 
tivities before, during and after 


Table Il 


Types of Air Cleaners Used for Surgery in Relation to Time System 
Was Installed 


Use of Single Filters as Percent of Total 
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surgery produce relatively high 
concentrations of airborne bacteria. 
The only control measures avail- 
able to reduce these concentrations 
are dilution and replacement with 
air essentially free of bacteria. 


MOVEMENT OF ROOM AIR 
Adequate or desirable rate of air 
turn-over for surgery is open to 
quest’on and the survey indicates 
a wide range in practice. Five of 
the hospitals indicated air changes 
of 5 or less per hr, 33 had from 5-10 
air changes per hr, 38 had from 
11-15, 19 had from 16-20 and 37 
indicated 20 or more air changes 
per hr. The accuracy of these data 
is open to some question since 
there was confusion in responding 
to this survey question; the infor- 
mation obtained does indicate, 
however, a wide range of ventila- 
tion practice. 

Since activity within the oper- 
ating room aggravates the air con- 
tamination and the rate of ventila- 
tion reduces the effect, there are‘ 
two solutions to the problem. One 
is to decrease the activity and the 
other is to increase the ventilation. 
Preliminary studies at the Univer- 
sity of Minnesota indicate that air 
exchange rates, based on handling 
the heat gain provided by the peo- 
ple and equipment in surgery, 
minimize the build up of concen- 
trations of airborne organisms re- 
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sulting from activity. 

Bacterial content will increase 
with bursts of activity and rapidly 
subside as activity decreases. The 
resultant concentrations, however, 
are higher than they need to be 
and perhaps higher than is desira- 
ble. Whether this is to be cor- 
rected by increased ventilation or 
decreased activity becomes a de- 
cision for the hospital administra- 
tion, since increased ventilation 
costs money and reduction in ac- 
tivity calls for changes in work 
procedures and habits and consid- 
erable supervision. 

This survey indicates that the 
desirability of maintaining the low- 
est possible concentration of air- 
borne organisms in surgery may 
not be the prime consideration in 
the design of the ventilation sys- 
tem for surgery. With our present 
knowledge of the adverse effects 
of airborne dusts, fumes, gases, 
vapors, mists and viable organisms 
on the health and well being of 
human beings, it is imperative that 
the designers of ventilating sys- 
tems for critical hospital areas, such 
as surgery, give careful attention 
to obtaining from the outside the 
cleanest air possible, placing the 
air intake as far from sources of 
contamination as feasible, using 
the best combination of air clean- 
ing devices, and providing an ade- 
quate rate of ventilation. 


ENGINEERING FOR 
PHARMACEUTICALS 


(Continued from page 52) 


$1,020 per ton to install, including 
a pro-rata share of the cost of a 


62 


central chilled water system serv- 
ing many buildings. This does not 
include the cost of fans and duct- 
work used to supply unconditioned 
air to the faces of the laboratory 
hoods. The net equipment and in- 
stallation savings of this type of 
system compared to a 100% fresh 


air system was $116,000. The an- 
nual owning and operating savings 
are $35,000 per yr. Comparable 
savings of owning and operating 
costs also apply to our new eight- 
story Research Building which has 
960 ton of refrigeration as pres- 
ently designed. 
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Study Fluid Flow 


through flexible orifices 


R. D. ULRICH 


A “flexible” orifice is one in which 
the orifice area varies with pres- 
sure. Flexible orifices are of inter- 
est because of the large variety of 
flow rate-pressure drop relations 
which may be obtained by various 
designs of the orifice and the method 
of supporting the orifice (see Fig. 
1). The phenomenon of decreasing 
flow rate with increasing pressure 
drop suggests the use of these ori- 
fices as devices for the regulation 
of flow. Attempts have been made 
to use these orifices in refrigeration 
systems to yield maximum flow 
rates at design conditions and to 
decrease the flow rate with increas- 
ing pressure differences. 

Holman’ investigated this prob- 
lem by comparing power consump- 
tion in a refrigeration system with 
expansion occurring through capil- 
lary tubes and through flexible ori- 
fices. The orifices used by Holman 
were designed to provide a con- 
stant flow rate irrespective of the 
pressure difference. Holman ob- 
served that these uniform flow ori- 
fices required less power input than 
that required with capillary tubes 
at high condenser pressures. 

The objective of the present 
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work was to determine the varia- 
bles which influenced the flow. 
After these variables had been de- 
termined, the problem was then 
one of correlation. 

The geometries considered in 
this work were short, right cylindri- 
cal orifices with centered, cylindri- 
cal holes. The orifices were made 
of rubber. The support plates were 
flat with circular holes at least as 
large as the orifice. The fluid flow- 
ing was water at room temperature. 
Only steady flow was studied. 


THEORETICAL 
CONSIDERATIONS 
The steady flow continuity equa- 
tion as applied to a flexible orifice 
yields the mass flow rate as 
where M,, is the mass flow rate, p 
the fluid density, A the minimum 


Fig. 1 Qualitative flow char- 
acteristics observed 
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area of the hole and V the average 
velocity at that section. Hence, the 
problem becomes one of determin- 
ing A, or d the minimum diameter, 
and V. 


Development of formula for orifice 
diameter—The diameter which was 
considered was the minimum ori- 
fice diameter under a loaded con- 
dition. Three effects were consid- 
ered to influence the change in 
minimum diameter. They were the 
“squash” effect, or the effect of 
axial compression, the “twist” effect, 
or the effect of rotating the non- 
supported portion of the flow 
washer about the rim of the sup- 
port plate, and the effect of large 
changes in diameter of elements of 
the orifice. The latter effect is due 
to the build up of hoop stresses 
causing deviation from the “small 
deflection” theory. 

The squash effect was devel- 
oped based upon the following 
assumptions: (1) constant volume 
of rubber, (2) no change in outside 
diameter, (3) the change in thick- 
ness At is small compared to the 
thickness t and (4) only the sup- 
ported portion of the washer de- 
forms axially (see Fig. 2). The above 
assumptions lead to 


— (B?— D*) At = — — (2) 
4 4 
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Fig. 2 Cross-section of ori- 
fice showing squash effect 


Equation 3 will be used to define 
a compression modulus similar to 
Youngs Modulus, which will be 
called the effective modulus for 


squash, E,, 

At AP 
— = (3) 

t E, 


where AP is the uniformly distrib- 
uted load on the orifice. Combining 
Equations 2 and 3 yields 


AP 


— D*) =d*—d@ (4) 


or Equation 4 may be written in 
the form 


Ad=d’ E 
(5) 


where Ad is the change in mini- 
mum diameter. The positive radical 
has no meaning in this problem, 
since it would indicate a Ad when 
AP is zero, an impossible situation. 
It was desirable to non-dimension- 
alize Equation 5 by dividing each 
side by 2t in order to get the squash 
effect on the diameter in the same 
form as the twist effect. Thus, 
Equation 6 is the final form for the 
squash effect. 


AP | 
E, (d’)? 


Ad 
SU 
(6) 


The twist effect was developed 
by considering the portion of the 
flow washer which was not sup- 
ported by the back-up plate. This 
portion of the washer is a ring, 
simply supported along its outer 
periphery on its lower edge. It was 
assumed that the supported portion 
of the flow washer did not influ- 
ence the twist effect (see Fig. 3). 
The determination of the angle of 
twist @ and the minimum hole size 
based on this angle and other geo- 
metric factors were studied. 


2t 
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Fig. 3 Cross-section show- 
ing twist effect 


For small angular deflections 
in a ring of rectangular cross sec- 
tion rotating about the geometric 
center of the rectangle, Timoshen- 
ko? gives the formula 


12M 


(7) 


D 
Et? in — 
d’ 


where M is the twisting moment 
uniformly distributed around the 
ring and E is Young’s Modulus. 
Equation 7 results from the inte- 
gration of a differential relation be- 
tween 6 and t. When the rotation 
is about the peripheral corner in- 
stead of the center of the rectangle, 
the limits of integration are changed, 
resulting in 


3M 


(8) 


D 
In — 
d’ 


Equation 8 here is used to define 
E,, the effective modulus for twist. 
It is assumed that this equation is 
valid for large angular deflections. 

The moment M was calculated 
by assuming the ring to have a uni- 
form load AP distributed across its 
top surface, and no other loads 
were present except the simple sup- 
port along the lower periphery (see 
Fig. 4). The moment dM on the 
element d¢ is equal to the moment 
of the load dMy,, minus the moment 
of the support dM,, or 


Consider first 


R 
ant, =ap x (x — dx 


(9) 


(10) 
or 
dM: — AP d¢ 
3 2 3 2 


Uniform Load - AP 


dM 


Fig. 4 Sketch for deriving 


the uniformly distributed mo- 
ment M 
or 
(R’— r’) 
dMy = AP d¢ (R—r’) 
(1la) 


Integrating d¢ for ¢ varying from 
0 to 27 and substituting into Equa- 
tion 9 yields 


M R? — r’ 
= (R—r’) — 
22 AP 2 
R? r? rR? 
3 3 3 2 


(12) 
, Equation 12 may be reduced to 


T 
M—— APD 
8 


1 d” 2 

3 3 
(13) 


Substituting Equation 13 back into 
Equation 8 gives 


AP. ce 
6= 
D 
E. 41ln— 
d’ 
E 
+ — 


(14) 
which is the final equation for the 


twist in radians. 


The twist effect was consid- 


(10a) ered to depend upon the angle of 


Now consider dMr, 


dMr = dF (R—r’) (11) 


twist 6 and geometric factors. The 
assumptions were that during de- 
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flection the rectangular cross sec- 
tion did not deform and that each 
rectangular section rotated about 
the point of contact with the sup- 

rt. These assumptions lead to 
point C rotating on the arc of a 
circle having its center at A and 


radius AC. The diameter of the 
hole at C is the minimum diameter 
at any angular deflection 6. 
The change in radius as a func- 
tion of @ is given by the equation 
Ar = AC cos (8 — 0) — (R—r’) 
(15) 
where £ is the angle between the 
diagonal and the base of the rec- 
tangle. Thus 


t 
& = arc tan 


(16) 


Expanding cos (8-0) and using the 
identities cos 8 = ——— and sin 


AC 


Fig. 7 Photograph of appa- 


ratus 
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Fig. 5 Photo- 
graph of test sec- 
tion 


Fig.6 Schematic 
section 
t 
B = — yields the expression for 
AC 
Ar, 
Ar = (R— 1’) (cos9—1) + 
tsing (17) 


Multiplying Equation 17 through | 


by 2 and then dividing each term 
by 2t yields the final expression 


Ad (D—d’) 
— = ———- (cos 1) + 


2t 2t 
sine (18) 


Equation 18 gives the dimension- 
less change in diameter as a func- 
tion of @ and geometric properties. 


Effect of large strains on the diam- 
eter change — The assumption of 
small deflections, both linear and 
angular, has been made. The maxi- 
mum unit strain was on the order 
of 50%. The maximum angular de- 
flections were 30 to 50 deg. Thus, 
it is apparent that this assumption 
is not valid. The main effect of 
the large deflections is to cause 
distortion of the rectangular cross 
section of the flow washers. In 
each case, squash and twist, the 
effect is to cause the change in 
diameter of the flow washers to 


diagram of test Torre — 


Bock-up 


Transparent 


the hole vanishes, the washer is 
essentially rigid. In the case of 
twist, the lateral forces between 
the elements induce stresses which 
cause the rectangle to distort. The 
compressive stresses above the neu- 
tral surface appear to stiffen the 
rubber near the hole and thus re- 
strict deformation. 

This entire effect is a function 
of the stress distribution in the ori- 
fice. Due to the complexities in- 
volved in dealing with large deflec- 
tions and with rubber, this effect 
was determined experimentally and 
will be discussed in that section of 
the paper. The effect appears there 
as a multiplying correction factor 
to the squash and twist effects. 

To obtain the minimum diam- 
eter under loaded conditions, or 
the change in diameter due to load- 
ing, the squash effect and the twist 
effect are added and the sum is 
multiplied y the “large deflection” 
correction factor S. Hence, the 
final equation for the dimension- 
less diameter change is 


(cos @—1) + sine 


_ E. 


counteract the combined effort of 


squash and twist so that the change 
in diameter is less than e ed. 
In the case of squash, as the 
hole becomes smaller the rubber 
immediately surrounding the hole 
gets stiffer until, in the limit where 


2t 
(19) 


To determine velocity —The con- 
servation of energy and mass equa- 
tions for steady incompressible flow 
when applied to a frictionless proc- 
ess for cases similar to this one 
yield 
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where the subscripts 1 and 2 refer 
to the upstream and minimum di- 
ameter locations respectively, and 
the prime (’) indicates ideal condi- 
tions. Since friction was involved, 
the velocity was multiplied by a 
discharge coefficient C. The flow 
coefficient K was used where 


(21) 


and was in all cases almost equal 
to C since A, was much less than 
A,. Thus, the expression for veloc- 
ity at the smallest cross section of 
the hole was 


2¢ —— (22) 
The flow coefficients were deter- 
mined experimentally and will be 
discussed presently. 


APPARATUS AND METHODS 


In order to observe the orifice 
visually, the supporting section for 
the flow washer was made of plexi- 
glass. See Fig. 5 for a photograph 
of the test section and Fig. 6 for a 
schematic sketch of the test sec- 
tion. For checking the theoretical 
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Fig. 8 Schematic flow diagram of apparatus 


value for the minimum diameter of 
the hole and to determine the flow 
coefficients, the following measure- 
ments were taken at each steady 
state condition: (1) Minimum diam- 
eter. (2) Pressure difference across 
the orifice. (3) Mass flow rate. (4) 
Fluid temperature. 


Diameter—The minimum diameter 
was measured by traversing the 
hole with a traveling telescope 
mounted on top of the test section. 
The vertically mounted telescope 
was driven in the horizontal direc- 
tion by a depth micrometer having 
at least a count of 0.001 in. 


Pressure Difference — Both the up- 
stream and downstream pressures, 
were measured with the same pres- 
sure gage. The upstream pressure 
tap was in the entrance box about 
two tube diameters from the top 
surface of the orifice. The down- 
stream pressure tap was located 
about one-half tube diameter from 
the support plate. These two pres- 
sure taps were connected to a se- 
lection manifold which was con- 
nected to the gage. The gage 
range was from 0 to 500 psi with 
a least count of % psi. 


Mass Flow Rate — The flow rate 
was measured by a flow meter 
which had been calibrated in place. 
The range of the flow meter was 
from 0 to 27 lb water/min with a 
least count of 0.1 Ib/min. 


Temperature — The temperature 
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Fig.9 Effective compression 
modulus E, versus thickness 
for various rubber hardnesses 


was measured with a mercury-in- 
glass thermometer mounted in a 
well on the top of the flow meter. 
In the range of temperatures oc- 
curring in the tests, the thermome- 
ter least count was 1 F. 


Other Apparatus — The remaining 
apparatus consisted of a rotating 
vane pump, surge tank and a res- 
ervoir designed to deliver water to 
the orifice under steady state con- 
ditions. The water was treated 
with a minute amount of sodium 
dichromate to resist corrosion. See 
Fig. 7 for a photograph of the ap- 
paratus and Fig. 8 for a schematic 
flow diagram. 

Testing procedure for one 
datum point consisted of setting 
the flow rate at some particular 
value and, after a nominal period 
of time for steady state to occur, 
the four items of interest—pressure 
drop, flow rate, hole diameter and 
temperature—were recorded. From 
five to twenty such points were 
taken for each test setup. In each 
case the pressure drop for one 
point was always greater than for 
the preceding point. This was to 
eliminate the additional variable 
associated with the hysteresis in 
the stress-strain relationship inher- 
ent with rubber. Experimental in- 
formation that could be obtained 
was limited by these conditions: 

1. The maximum pressure of the 
pump (approx. 250 psig) was 
obtained. 

2. The maximum flow meter ca- 
pacity (approx. 25 lb per min) 
was obtained. 
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tor AA. Fig. 10 Effective 
A modulus for twist 
aay, E, versus ——— 
Fig- 11 Qualtetive compart 
son —— calculated and meas- 
2t 
1 i ured 
Ad 
3. Under certain conditions ca- axial loadings in this work were permit the calculation of —— in 
vitation in the orifice oc- hydrostatic on the top surface and 2t 


curred. supported by a smooth, non-lubri- Equation 6. 


4. Under certain conditions cated, metal back-up plate, (2) no im 
buckling of the rubber caused shape factors were available for the Twist Effect — The determination 


the orifice to deviate from a annular configuration where the Ad 
circular configuration. At outside diameter was fixed and (3) of the effect of twist on —— was 
some of the cited conditions axial deflections were much less 2t 


the hole was observed to vi- than 20% but the maximum radial based upon the angular deflection 
brate. In all cases the end deformations were about 50%. The 4 and the experimental values of 
result of buckling was the results of the calculations areshown the Effective Modulus for Twist 
collapse of the hole. in Fig. 9. E,. In order to evaluate E,, Equa- 
These tests were run with the _ tion 14 was solved explicitly for E, 


EXPERIMENTAL RESULTS back-up plate hole diameter the 


AND DISCUSSION same as the free orifice diameter, 
iminati ible twist- 
The main problem concerning the thus eliminating any possible t * 
uash effect was the evaluation ™8S effect. The curves of Fig. 9 eo ig d’ 


of the Effective Modulus for Squash Were determined by plotting 1 — 
E,. Unlike most other substances d \ 
common in engineering use, the (+) versus AP for each test. 
modulus for rubber in compression 

is a function of geometry as well These curves were nearly straight 3 
as hardness. Most authors ‘*:*:*) lines up to about 20 to 25% change Geometric values and AP were re- 
on rubber properties consider the in diameter. The E, values were corded for the various flow condi- 
effective modulus as the product calculated from the slopes of these 0S. The problem remaining was 
of the small deflection, unit cube straight lines. A large deflection the evaluation of @ corresponding 
modulus and a shape factor. The correction S, which is discussed to AP in Equation 23, The experi- 


shape factor is defined as the area_ later, was used to determine the Ad 
of one loaded surface divided by effective modulus at large deflec- mental values of —— were plotted 
the total area of the free surfaces. tions. The E, values from Fig. 9 2t 


as a function of AP. The squash 
effect as calculated by Equation 6 
and corrected by the S factor, was 


One author ‘) suggests that 
the shape factor and thus the effec- 
tive modulus is a function mainly 


Fig. 12 Flow coefficient K 


of thickness. There appears to be d’ D subtracted from the total, leaving 

an interdependence between hard- versus — for various z values Ad 

hess and . Th 2t i 

this to t the and for 35 durometer orifices 2t 

A 

is shown in (5) that when both of 

the loaded surfaces were well lu- of 6 to be used in Equation 23, 

no longer on geometry i ‘ versus was plotted for various 

and was constant up to about 20% * D-d’ 

deflection. i values of according to Equa- 
It was decided to use Equa- 02 2t 

tion 6 as a definition of E, and | | tion 18. For the various geometric 


measure Ad, d’, t, AP, B and D 
and calculate E, because: (1) The 
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arrangements Ad was then meas- 
ured for several different pressure 
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drops. These values of Ad were 
used to determine @ which was 
used in Equation 23 along with the 
corresponding AP and geometric 
factors to determine E,. These re- 
sults are presented in Fig. 10. The 
E, values from Fig. 10 may be used 
in calculating # in Equation 14 
and the 6 can be used in Equation 
Ad 


18 for obtaining —. 
2t 


Large Deflection Correction — A 
Ad 

comparison of —— calculated versus 
2t 

Ad 

—— measured indicated that the 

2t 


hole size did not deviate from the 
free hole diameter as much as cal- 
culated. This was true both for 
decreasing diameters and increas- 
ing diameters. One possible reason 
for this is that, during large de- 
flections, the assumptions concern- 
ing small deflections and constant 
cross section shape are violated, 
and in some cases the violation was 
large. A correction factor was de- 
termined based upon the maximum 
Ad 
unit deflection —— and rubber hard- 
d’ 
ness. These results are given in 
Table I, indicating that there is 


Table |. Large Deflection Correction 


Factor, S 

Ad 

d’ Calculated’ 002 04 06 08 1.0 
S for 35 

(Durometer) 1 0.80 0.70 0.60 0.50 0.40 
S for 53 

(Durometer) 1 0.85 0.75 0.70 0.60 0.50 
S for 75 

(Durometer) 1 0.90 0.80 0.70 0.70 0.65 


1 Calculated from the sum of Equations 6 
and 18. 


more deviation from the assump- 
tions for softer rubber than for 
harder rubber. 

In addition to this correction 
it was noted that in each case where 
the hole diameter reached a mini- 
mum with respect to AP and then 
started to enlarge as the pressure 
drop was increased, a straight line 
relationship resulted between di- 
ameter and AP after the minimum 
diameter was reached. Fig. 11 
shows a qualitative comparison of 
these corrections. The location of 
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Fig. 13 Flow coefficient K 
d’ D 
versus — for various — values 
2t d’ 
and for 53 durometer orifices 


Ad 
the intercept of the —— measured 
2t 
curve was very near the intercept 
of the calculated curve and a 
straight line was drawn from the 
Ad 
point of maximum —— (after cor- 
Qt 
rected by multiplying by S) through 
the calculated intercept. This 
straight line may be extended to 
angular deflections of approximately 
6 = 2.5 B. No experiments were 
run at higher angular deflection. 
The average difference be- 
tween the diameter as calculated 
above and the measured diameter 
was about 3%. The maximum dif- 
ference was 6% when the deflec- 
tion was less than 40%, which is the 
maximum allowable before the 
hole buckles. 
The flow coefficients were cal- 
culated from the equation 
0.004 M 
K = ——— (24) 
d? AP 
where 0.004 is a constant for water 
at room temperature and includes 
unit conversions. Note that K was 
based upon the minimum orifice 
diameter. 


Correlation—An attempt was made 
to correlate the flow coefficients 
with an idealized Reynolds number 
T? where 
*RE 
K 


The T number in Equation 25 
would allow for the direct deter- 


T= (25) 


2 The use of the T number is similar to that 
suggested by Binder (8). 


g 


Flow Coefficient K 


8 


025 050 O75 100 125 150 


Fig. 14 Flow coefficient K 
d’ D 
versus — for various — values 
2t d’ 
and for 75 durometer orifices 


mination of flow rates whereas the 
usual Nrr would necessitate a trial- 
and-error solution. It was found that 
K was almost independent of T for 


d’ 
thin washers (— 05) . For 


, 
thick washers (= — 05), the K 
t 
values shown in Fig. 12, 13 and 14 
were evaluated for T numbers as 
shown in Table II. The tendency 
was for the flow coefficients to be 
almost constant in a specific range 
of T numbers, as shown in Table II, 
and to increase linearly with T 

above a certain value of T. 


Table II. Effect of T Numbers on K 
(Add 10% to K for each 20,000 


increase of T in this range) 


T Number Range T Number Range 


Durometer forK Constant for Varying K 
35 15,000-25,000  25,000-50,000 
53 20,000-40,000  40,000-80,000 
75 18,000-40,000  40,000-80,000 


For hard, thin washers ~ 
appeared to be a slight tendency 
for the K values at 
higher T numbers but this was not 
of sufficient amount to show a valid 
trend. 

Variables which had the most 
important effect on K were orifice 
thickness and support plate diame- 


ter. These variables were repre- 
U 
sented in dimensionless form — 


D 
and —. 
d’ 
crease with thickness in the rangé 


The flow coefficients in- 


ASHRAE JOURNAL 


A 


Bp 


oO 


| | | | 
{ | | 
| is 
os ‘ os — 
| 
| 
3 
te 
» 
age 
2t 


Curves indicate theoretical values. 
Circles indicate experimental values. 


3 5 Rote | i 
ho! Curves indicate thedretical values. 
Circles indicate experimental values 
0 20 30 40 70 
Pressure Drop psi 
Fig.15 Compar- Fig. 16 Compar- 
ison of theory and ison of theory and 
iment for 35 experiment for 53 
of these tests. This may indicate durometer, 7/16 durometer, 4/16 
streamlined than the thinner ones. 
This may also be due to the down- thickness orifice thickness orifice 


stream pressure tap being located 
at some point other than the vena 
contracta as is required by Equa- 
tion 24. For int washers the 
vena contracta would be farther 
upstream from the downstream 
pressure tap and more distance 
would be allowed for pressure re- 
covery so the downstream pressure 
would become higher. This causes 
AP to be lower, which makes K 
_ larger than it should be. 
e wider spread of flow coeffi- 
D 

cients for soft washers having — 
d’ 

d’ 
< 1 and — from 0.5 to 1.5 than for 
2t 
hard washers with these same geo- 
metrics was probably due to greater 
deformation of the softer washers. 
This deformation would tend to 
— the orifice into a flow noz- 
e. 

Another observation made was 
that for orifices which first de- 
creased in diameter and then in- 
creased as the pressure drop in- 
creased, K increased about 5 to 
20%. The K values given on the 
graphs are for the decreasing di- 
ameter phenomena and a 10% in- 
crease is recommended for the flow 
coefficients after the orifice begins 
to open up. The correlation of K 
with geometrical properties are 
shown in Figs. 12, 13 and 14 for 
three different hardnesses. 

The results of three typical 
experimental tests are shown in 
Figs. 15, 16 and 17. These tests 
were picked at random from a large 
number of similar tests. The re- 
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sults indicate very good prediction 
of diameter, but, of course, the 
maximum error on the flow rate is 
larger because flow rate depends 
on diameter squared as well as 
ure drop. 
In handling the stated problem 
the experimental limitations were: 
1. Rubber thickness varied from 
0.040 to 0.5 in. 
2. Outside diameter was 0.8 in. 
in each case. 
3. Free inside diameter was 
0.120 in. 
4. Support plate hole diameter 
varied from 0.125 to 0.5 in. 
5. Rubber hardnesses were ap- 
proximately 35, 53 and 75 
durometer. 
6. Maximum pressure drop was 
200 Ib/sq in. 
7. Maximum flow rate was 26 
Ib/in. 
8. The range of T numbers was 
from 10,000 to 100,000. 
9. ting temperatures were 
from 70 to 95 F. 
10. The fluid used was liquid 


water. 


SUMMARY 
Restatement of the problem—Find 
a method which would allow for 
the prediction of the mass flow rate 
versus pressure drop relationship 
for given flow washer properties, 
back up plate geometry, and fluid 
at a specified state. 


Limitation by theory—The 
only flow washers considered were 
short, right circular cylinders with 
small cylindrical holes centered on 


20 40 50 60 70 
Pressure Drop - psi 


the orifice axis. The back-up plates 
considered were flat with cylindri- 
cal, centered holes. The fluid was 
incompressible, flowing under 
steady state conditions. 


Calculation of the mass flow rate — 
The steps to consider for the mass 
flow rate versus pressure drop cal- 
culations are: 
1. The following information is 
assumed to be known: B. D, 
d’, t, durometer number, fluid 
density and viscosity. 
2. Consider Equations 1 and 22 
Ma = pA KV’ (26) 


The density p is constant and 
known; V’ is given by Equa- 
tion 20 as a function of AP 
and constants; A depends 
only on d which is a function 
of AP and geometry; and K 
may be obtained from AP 
and geometry. 

3. It is recommended that d, K 
and V’ be plotted as functions 
of AP and then the M,, versus 
AP relationship may be gen- 
erated by use of Equations 1 
and 22. 


CONCLUSIONS 


A method was developed for pre- 
dicting the flow rate-pressure drop 
relationship for a given geometri- 
cal situation and rubber hardness 
for a flexible orifice. This method 
could be expanded to include a 
large variety of similar orifices, 
and it is possible that it could be 
extended into various geometries 
and orifice materials. 

For thin orifices the flow coef- 
ficients were independent of Reyn- 
olds Number. For thick orifices the 
flow coefficient increased as Reyn- 
olds Number increased. The orifice 
may be considered circular when 
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Fig. 17 Compar- 
ison of theory and 
experiment for 75 

durometer, 7/16 


ameter, 0.250 
thickness orifice 


Ad 
—— is less than 0.4. Above this 
d’ 
value the hole buckles. 

In many cases the difference 
between the predicted and meas- 
ured flow rates was less than 10% 


of the measured values. The maxi- 
mum difference encountered was 
less than 25%. Due to the com- 
plexity of the problem it is felt that 
these comparisons are quite accept- 
able at this state in the solution 
of the problem of flexible orifices. 


The region where the mass 
flow rate versus pressure drop re- 
lation had a negative slope was 
unstable. In each case there was 
either cavitation of the fluid or 
vibration of the orifice or both. It — 
is not known which of the two 
phenomena (vibration, cavitation) 
is cause or effect. 


BIBLIOGRAPHY 


1. Holman, J. L. M., The Effect of a Variable 
Diameter Flow Orifice on the Performance of 
a Refrigeration yo Master Thesis, Purdue 
University, August 1957. 
2. Timoshenko, S., Stren of Materials, Part 
Il, {Theory and Problems, Van Nos. 
trand Co., 
8. Rubber’ Chemical Publish- 
Co., New York, 1946. 

Burton, E., Engineering with Rubber, 
Book Co., 

Handbook of Molded eo Extruded Rubber, 
The Goodyear Tire and Rubber Co., 1949, 
6. Elastomeric Engineering, Andre Rubber 

Robe I., Gaskets and Bolted Joints, 
ASME Applied Mechanics, Vol. 72, 


Pp. 
8. Binder, R. C., Direct Determinations of 
Coefficients for Flow Meters, Instruments, 


June 1942, p. 196 


RADIANT HEATING 


(Continued from page 47) 


heat was passed downstream from 
the hotter duct walls upstream for 
some five hr after the burner 
stopped. It should be noted that 
most of the heat to warm the room 
between 7 and 9 o'clock was sup- 
plied by the convective air. Much 
of the heat that entered the slab 
was stored until afternoon and 
provided radiant heating for the 
remainder of the run. At station 9 
the floor surface stayed all day 
within a degree or two of the room 
temperature. Much of the heat 
represented by the corresponding 
duct air temperature entered the 
room with the hot air through the 
register just downstream (Fig. 1B). 
Table 1B shows that room air was 
warmer than the kitchen slab dur- 
ing much of the day. This agreed 
with the indications of the ther- 
mocouples and heat meter that the 
excess heat from the room was 
warming the air being returned to 
the furnace through the ducts 
under the kitchen floor. 
Performance of this type of 
system is not sensitive to the de- 
sign parameters because of its in- 
herent self-regulating characteris- 
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tics. Comparison of Figs. 2 and 3 
shows that the slab temperatures 
are not much different during the 
heating period for such varying 
conditions as purely radiant heat- 
ing and combined radiant and con- 
vective heating. The heat transfer 
rate from the floor surface to the 
room air rises rapidly with in- 
creased temperature and tempera- 
ture difference. This increased heat 
rate causes a larger temperature 
drop through the thermal resist- 
ance. The combined effects tend to 
maintain the surface temperature 
near the design value. 

If the thermal resistance of an 
installed slab were larger than the 
design value, the temperature of 
the air in the duct would exceed 
the design temperature in the 
downstream end of the ducts. The 
convective heating air from the 
downstream registers would thus 
be warmer than planned and more 
of the heating would be convective 
than desired. At the same time the 
temperature of the air returned to 
the furnace would exceed the de- 
sign value, as would the tempera- 
ture of the air from the furnace. 
Thus the air throughout the ducts 
would be hotter than planned and, 
consequently, the slab surface tem- 
perature would tend to approach 
the design value. 


If the floor surface tempera- 


ture of an installation were above 
its design values, the room thermo- 
stat could be set lower because of 
the additive effect on comfort of 
air and surface temperatures.* The 
surface temperatures could thus be 
made to approach their design 
values. This same effect could be 
produced by increasing the pro- 
_ of convective to radiant 

eating and thus cooling the slab. 


CONCLUSIONS 


1. The floor surface temperature 
of a forced air heated radiant 
panel can be designed to oper- 
ate at any desired comfort level. 


2. High speed heating and cooling 
of the occupied space can be as- 
sured by increasing the propor- 
tion of convective to radiant 
heating. 


3. Operating characteristics of an 
installation can be altered easily 
by changing the convection rate 
and the room thermostat set- 
tings. 

4. The combined radiant and con- 
vective system operates economi- 


cally. 
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PRESIDENT’S PAGE 


“How can we improve our 


Communications?” 


One of the major problems in our Society is the lack 
of good communications between the National Ad- 
ministrative command and the local Chapter members. 
In a membership organization such as ours, this 
becomes untenable and creates a great deal of dis- 
satisfaction, which could and should be avoided. This 
is a serious situation and steps must be taken to 
correct it. 

There are four media of communications in 
our Society: (1) JOURNAL, (2) Newsletters from 
Headquarters Office, (3) Regional Meetings and (4) 
Chapter Publications. 

The JOURNAL provides approximately 12 
pages per issue for the President's Page, News of 
Members, Chapter and Regional Activities, lists of 
National Officers, Committees and Chapter Officers 
and news concerning Research and Standards. The 
cost of publishing non-technical pages such as these 
is about $80 a page, per issue, or approximately $12,- 
000 per year. 

Is this a justifiable expense? 

Are members and Chapters using this infor- 
mation? 

Should it be continued? 

Is information of importance from these pages 
reported at Chapter meetings for discussion and 
comments? 

It is surprising how many questions have been 
asked at a Regional Meeting or a Chapter Meeting 
the answers to which were previously published and 
discussed in this section of the JOURNAL. This was 
clearly demonstrated by the many questions raised 
in connection with the closing of the Cleveland Labo- 
ratory. Information giving the answers to many 
questions had been published in the JOURNAL 
weeks, and even months, prior to the questions. 

Newsletters from Headquarters Office appear 
to receive more attention than the JOURNAL. The 
cost is approximately $25 per issue of a Newsletter 
and we find a great many items republished in Chap- 
ter Publications, which are sent to the local chapter 
members. 

Is this a more acceptable approach to dis- 
ee of National news than through the JOUR- 

Where there is no Chapter Publication, are 
the Newsletters read and discussed at chapter meet- 
ings or do they die on the table in the Board of 
Governors’ Meeting? 

It would not be economically feasible to pro- 
vide Newsletters for the entire membership, as the 
cost would be about $5000 per issue. | 
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JOHN EVERETTS, JR. 
President ASHRAE 


The purpose of a Regional Meeting is to as- 
semble representatives from the various Chapters in 
a Region for discussion of both Chapter and National 
problems. 

Recent experience at Regional Meetings has 
indicated that many Chapter representatives have 
received no instructions from their Chapters; are 
totally unprepared to discuss many of the questions 
brought before the meeting; have never received 
minutes of the previous meeting from the former 
representative; and, upon returning home, seldom 
submit a report either verbally or in writing to either 
the Chapter or the Board of Governors. Yet the 
Regional Meeting is supposed to be the strongest 
connection between the chapter members and the 
national organization. 

The cost of Regional Meetings runs approxi- 
mately $6000-$8000 per year. The Regional Director 
is a member of the Board of Directors of the Society 
and is the primary link between the Chapters and the 
National Administrative body. Regional Meetings 
were set up as part of the Region Plan to try to 
improve communications between the individual 
member and the National body. 

Are the Regional Meetings worth the expense? 

Are they helping the individual members or 
are the activities, discussions and decisions dropped 
at the Board of Governors level? 

Is the average individual member interested 
in Society activities beyond his local Chapter? 

The answers to all these questions are not easy 
to get. When you realize that less than one-third of 
our total membership attend Chapter Meetings; less 
than 25% send in their ballots for National business 
items; and less than 15% attend National Meetings; 
it is questionable to assume that the majority interests 
extend much beyond the local level. 

In order to broaden the scope of communica- 
tions, each General Committee this year has a Direc- 
tor on the Committee to maintain close liaison be- 
tween the Committees and the Board of Directors. 
Also, each member of the Research and Technical 
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Committee has cognizance over a number of Tech- 
nical Committees and the Research Panels. The 
Chairman of the Research and Technical Committee 
reports to the Board. It is believed that both of these 
changes will greatly improve our operations and pro- 
vide more information to the Membership on what 
the Society is doing. 

Chapter Publications, where they are used, are 
excellent media of communications. They are more 
personal because the reader is a member of the 
Chapter and is acquainted with the people and 
activities referred to in the publication. 

Nearly half the Chapters have their own pub- 
lications, small Chapters as well as large ones, with 


publication costs ranging from as low as 15c per 
copy up to 35-40c per copy. The success of a Chapter 
publication is in direct proportion to the energy pro- 
vided by its editorial committee. 

Many Chapters do not feel it is justifiable to 
have their own publication. Those chapters that do 
have them consider them well worthwhile. A Manual 
on Chapter Publications is in the process of comple- 
tion and should be available from Headquarters in 
a short while. 

In spite of these tools, the big question still 
remains, “How can we improve our Communica- 
tions?” 

Your suggestions will be welcome. 


WITH THE COMMITTEES — 


Education Committee—-Los Angeles Trade-Technical 
Institute, upon recommendation of Presidential 
Members Hess and Wile, has been accepted by 
this Committee for student member applications in 
ASHRAE; this is now subject to Board approval. 

Responsibility for the regulation of Chapter 
scholarships has been transferred from the Honors 
and Awards to the Education Committee. Ralph 
Nevins of Kansas State University will undertake 
the preparation of a Procedure and Guide for the 
establishment of scholarships by local Chapters. 

“Opportunities in Engineering”, popular 
ASHRAE educational brochure, will be issued in 
revised form upon the presumable basis of copy to 
be discussed by this Committee at the St. Louis 
Semiannual Meeting. 


Board of Directors — At the Denver Meeting voted: 


To increase the appropriation to Chapters spon- 
soring 2-day regional meetings to $100 provided a 
minimum of 6-hr is devoted to technical sessions. 


Approval of charters for new chapters as: East 
Texas (Tyler), South Dakota (Sioux Falls), and 
Akron (Ohio) and, upon completion of all require- 
ments, to Las Vegas (Nevada) and Chicago (North- 
eastern Illinois). 

Transfer of the counties Elko, Eureka, White Pine 
and Lander in Nevada from Region X to Region IX. 

To confer the grade of Honorary Member to Presi- 
dential Member Crosby Field. 

To establish a new “Distinguished Service Award” 
to members of any grade (except Presidential) 45 
years of age or more, who have variously served 
the Society with faithfulness and distinction. 

Overseas atffiliated-organizations instead of 
branches, 

That the second volume of the ASHRAE GUIDE 
AND DATA BOOK be entitled “Applications”. 

Contribution of $200 to the Willard Memorial 
Scholarship Fund, 

Increase of $2.50 in annual dues of all members 


except students. 
To Discontinue Chapter Allocations (June 1962). 


tion of air-conditioning systems for 
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Addition to the editorial staff of the 
ASHRAE JOURNAL of Robert J. 
Anthony as Senior Associate Editor 
will provide expanded facilities for 
the currently enlarged editorial 
program. Assisting Editor Searles 
and working with other staff mem- 
bers, Mr. Anthony will be active 
not only upon the JOURNAL, but 
TRANSACTIONS, Preprints and 
Bulletins as well. 

Mr. Anthony comes to ASH- 
RAE with more than fifteen years 
in the technical and engineering 
writing field as writer, editor, for- 
eign correspondent, film director 
and publications manager. He has 
produced operation and _ service 
handbooks, technical reports and 
promotional brochures on military 
and commercial equipiaents rang- 


ing in scope from quick discon- 
nects to missile servicing systems,; 
the latter encompassing handbooks 
on helium refrigerating and launch- 
er-shelter air-conditioning systems 
for the BOMARC missile. Among 
the publication efforts he has di- 
rected are fifteen-volume sets of 


handbooks delineating the opera- 


electronic equipment and power 
buildings at SAGE sites throughout 
the United States and a twenty- 
volume set of handbooks for the 
Thos. H. Allen power plant at 
Memphis, Tenn. 

After receiving a Bachelor of 
Science degree in physics from the 
College of the City of New York 
in 1939, Mr. Anthony entered the 
engineering publications field in 
1945. Since then, he has worked 
for technical publishing firms on 
projects for the Army Engineers 
Corps in Columbus, Ohio, the Army 
Chemical Corps in Edgewood, Md., 
and for the Air Force and Navy. 
He has also been a staff member 
of engineering and research firms, 
such as Burns and Roe, Bulova Re- 
search and Development Labora- 
tories and Fairchild Camera and 
Instrument Corporation. 


ASHRAE JOURNAL 


te, 
ME 
> 
7 
Lo 
— 
R. J. ANTHONY 
7 
ithe 


An unusual 


Hot-Box 


W. P. BROWN 


An unusual guarded hot box has 
been designed and built recently 
by the Division of Building Re- 
search of the National Research 
Council to be used in conjunction 
with a large cold room (Fig. 1) for 
the measurement of the heat trans- 
mission coefficients of building sec- 
tions 4 ft wide and 8 ft high. A sec- 
tion to be tested is incorporated as 
part of a partition which separates 
the cold room into two compart- 
ments. The smaller compartment, 
or warm room, then is heated elec- 
trically to maintain any desired 
constant warm side temperature 
from 65 to 75 F. The larger com- 
partment is refrigerated to main- 
tain the desired constant cold side 
temperature from 40 to —60 F. 
The guarded hot box (Figs. 2 
and 3) is positioned against the 
warm side of the building section 
and is heated electrically to main- 
tain a constant temperature. The 
heat transmission coefficient is cal- 
culated from the measured electri- 
cal input and the temperatures. 
The guarded hot box is similar 
in design to the warm box of the 


large-scale wall heat-flow measur-. 


ing apparatus described in a pre- 
vious paper.t The design over- 


W. P. Brown, K. R. Solvason and A. G, Wilson 
are with the Building Services Sect, Div of 
Building Research, National Research Council 
of Canada. This paper was presented at the 
ASHRAE 68th Annual Meeting, Denver, Colo., 
June 26-28, 1961. 
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Cold-Room Facility 


K. R. SOLVASON 
Member ASHRAE 


comes some of the limitations of 
other methods of determining heat 
transmission coefficients. 

The test area of the box is 
large enough to meter the heat 
flow into the whole of representa- 
tive sections of building walls. 
Also building sections much wider 
than 4 ft can be installed in the 
cold room partition and heat flows 
measured at different positions. In 
this way the effect mr heat trans- 
mission coefficients of non-uniformi- 
ties in construction can be studied. 

Building sections tested are 
exposed on both sides to condi- 
tions closely simulating those used 
for design calculations. The sec- 
tion is exposed to controlled tem- 
perature surroundings as well as 
to air at controlled temperature. 
Air motion on the cold side is 
rapid and the outside surface con- 
ductance is realistic. The box is 
large enough so that the surface 
conductance at the warm side of 
the test wall under natural convec- 
tion conditions approaches that 
occurring in practice. 

The apparatus has been used 
successfully for the measurement 
of heat transmission coefficients of 
several metal skinned curtain walls. 
Additional tests on uniformly con- 
structed walls were made to assess 
the performance of the apparatus. 
Studies were made of the inside 


A. G. WILSON 
Member ASHRAE 


surface conductance and of errors 
due to heat leakage through the 
box walls and at the edges. The 
apparatus and its operation now 
are described, together with re- 
sults of the tests. 


Description of cold room—Cooling 
in the cold room is provided by a 
diffuser containing the evaporator 
of the refrigeration system, past 
which air is circulated by a blower. 
The air is discharged horizontally 
near the ceiling through the supply 
grille. The grille has vertical ad- 
justable vanes which distribute the 
air evenly across the room. The air 
returns through an opening in the 
front of the diffuser near the floor. 

In operating the cold room 
under given conditions, the refrig- 
eration system is run continuously 
to provide an almost constant cool- 
ing effect, which is in excess of 
that required. Temperature control 
is achieved by reheating the air by 
electric heaters after it passes the 
evaporator. A resistance-element- 
type recorder and a three-action 
(proportional + reset + rate) con- 
troller regulate the amount of re- 
heat. The air temperature varia- 
tion at any point in the cold room 
is less than +0.1 F. Floor-to-ceil- 
ing temperature gradients are less 
than 0.5F. Air temperature can 
be controlled anywhere from —60 
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to 40 F on the cold side of a test 
wall. 

For guarded hot box tests the 
warm room is heated by electric 
gravity baseboard convectors lo- 
cated along the wall opposite the 
test partition. The input voltage 
to the convector is regulated by a 
temperature controller. At the 
thermostat, air temperatures are 
controlled to +0.25F. Air tem- 
perature gradients depend upon 


air circulation. 


Description of guarded hot box 
apparatus — This apparatus is a 
large box mounted on wheels which 
can be rolled against the warm 
side of a test wall installed in the 
cold room partition. The measur- 
ing area of the box is 4 ft wide and 
8 ft high. The depth of the box 
is 3 ft. 

The inside of the box is lined 
with aluminum panels (Fig. 4). 
The panels, which were developed 
for radiant heating and cooling 
applications, consist of aluminum 
extrusions with holders for copper 
tubing, through which water is 
circulated. A similar set of panels 
is installed outside of the inner 
panels and is separated from them 
by thermal insulation. When the 
outer panel is maintained at the 
same temperature as the inner 
panel, a guard is formed which 
prevents heat transfer across the 
walls of the box. The outside of 
the guard panel is insulated and 
sheathed with plywood. The con- 
tact edge of the box is % in. wide 
and is formed by wood blocking 
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between the inner panel and an 
extension of the guard panel. 

A water reservoir, pump and 
pump motor for circulating water 
through the tubes of the inner 
panel are located inside the box. 
The pump is belt-driven by a 
series-wound de motor. The energy 
input to the motor can be varied 
from 25 watt (85 Btu/hr) to 350 
watt (1200 Btu/hr) by regulating 
the voltage to the motor from 15 
to 70 volt. The electrical input to 
the pump is normally sufficient to 
provide all of the wall transmis- 
sion; thus the energy imparted to 
the water by the pump serves to 
heat the panel and the energy loss 
from the motor and drive serves to 
heat the air directly. 


Air heaters and water heaters ' 


are provided to supply an addi- 
tional 150 watt (500 Btu/hr) of 
energy and to vary the ratio of air 
heat to panel heat if so desired. 
The motor, pump, and air heaters 
which operate at higher than panel 
temperature, are surrounded by an 
additional set of panels through 
which water is circulated to pre- 
vent direct radiant exchange with 
the test wall surface. 

A second reservoir and pump, 
located outside the box in the warm 
room, supply liquid (2/3 glycol + 
1/3 water) to the guard panel. The 
liquid is cooled continuously by 
circulating part of it through a sec- 
tion of finned tubing mounted on 
the ceiling of the cold side. A hand 
valve regulates the flow of liquid 
through the tubing. The reservoir 


contains an electric heater to con- 


Fig. 2 View of guarded hot 
box in front of cold room 


trol the temperature of the liquid. 


Instrumentation and control — The 
control system for the guarded hot 
box is shown in block form in Fig. 
3. The de input to the inner panel 
pump motor and heaters is sup- 
plied by a 500-watt (100 volt and 
5 amp) magnetic amplifier, the out- 
put power of which is regulated by 
a resistance-element-type recorder 
and current adjusting controller. 
The controller produces an output 
signal of 0 to 5 milliamp and by 
manual switching all or part of the 
signal is applied to the control 
winding of the magnetic amplifier 
to regulate its output voltage from 
approximately 15 to 100 volt or 15 
to 70 volt. This, together with re- 
sistance heaters which can be con- 
nected in series with the pump 
motor, permits regulation of the 
maximum current to 5 amp and 
power regulation from 25 to 500 
watt or 25 to 350 watt. 

The recorder has a 10 F span 
(65 to 75 F) and a sensitivity of 


Fig. 3 Schematic cross sec- 
tion of apparatus 
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Fig. 4 Details of guarded 
hot box walls and edge 


0.01 F or better. Operating records 
have shown that the inner panel 
temperature is controlled to within 
0.01 F of set value. 

The input voltage and current 
to the inner panel are measured 
by a millivolt recorder connected 
across appropriate resistors. The 
maximum recorder error, with cali- 
bration, is limited to less than 
+0.25 per cent of scale span so 
that by sizing the resistors to give 
larger than half-scale deflection 
this error is always less than 0.5 
per cent. 

A filter network on the output 
of the magnetic amplifier limits 
ripple voltage to less than 0.75 volt. 
It can be shown that the error due 
to the ac component is negligible 
for all power inputs. The total 
error in power measurement is less 
than 1.0 per cent. 


Fig. 5 Variation of meas- 
ured thermal conductance 
with inner panel-guard panel 
temperature difference 


0-150 


SLOPE +0008 /( F deg) 
*6 PERCENT 
FLOW+ 368 


2 
T 


THERMAL CONDUCTANCE 
2 
$ 


BTU /(HR) (SO FT) (F deg) 


8 


i 
“0 “10 +10 +20 +30 
GUARD PANEL COLDER GUARD PANEL WARMER 
INNER PANEL -GUARD PANEL TEMPERATURE DIFFERENCE °F 


OCTOBER 196! 


A servo voltage multiplier is 
being procured so that input power 
can be recorded directly. This will 
improve the accuracy of measure- 
ment and will facilitate the deter- 
mination of average power input. 

A differential thermocouple 
signal is amplified and used to 
actuate a three-action controller to 
control guard panel temperature. 
The controller regulates an elec- 
tric heater. Heating can be sup- 
plied continuously on, continuously 
off or pulsed on-off by the con- 
troller. The sensitivity of the 
amplifier-controller arrangement is 
such that guard panel liquid tem- 
perature is controlled to within 
+ 0.05 F or less of inner panel liq- 
uid temperature at the respective 
panel headers. 

The rates of circulation are 
such that the temperature drops 
through the two panels are quite 
small, less than 0.1 F. Also, the 
panel to water temperature dif- 
ference and the temperature varia- 
tion over the panel surface is less 
than 0.1F. It is unlikely, there- 
fore, that the average temperature 
difference between the inner and 
guard panels exceeds 0.05 F. 

Temperature measurements 
are made with 30-gauge copper- 
constantan thermocouples and an 
electronic self-balancing tempera- 
ture indicator. With calibration of 
the apparatus, temperature differ- 
ence measurements are accurate to 
+0.2F. This corresponds to an 
error of + 0.67 per cent at an over- 
all temperature difference of 30 F. 


Heat leakage — There are two 
sources of heat leakage in the 
guarded hot box. Panel heat leak- 


age, leakage of heat between the 
guard and inner panels, is caused 
by temperature differences between 
the two panels. Edge heat leakage 
is lateral heat flow at the junction 
of the hot box edge construction 
and test wall which results in an 
error in metered heat into the test 
area. 


Panel heat leakage—The insulation 
between the inner and guard pan- 
els provides a calculated thermal 
conductance of 0.18 Btu/hr/sq ft/ 
(F temperature difference) or a 
total heat flow of 19 Btu/hr/(F 
temperature difference). Tests were 
carried out on a wall of uniform 
thermal conductance to determine 
the actual panel heat leakage for 
a number of guard panel/inner 
panel temperature differences. The 
results are shown in Fig. 5. The 
variation in thermal conductance 
of 6 per cent per F temperature 
difference for the test wall denotes 
a panel heat leakage of 22 Btu/hr/ 
(F temperature difference). With 
the panel temperatures balanced 
to +0.05F the actual panel heat 
leakage is +1.1 Btu/hr as com- 
pared with the estimated heat leak- 
age of +0.9 Btu/hr. 


Edge heat leakage—The partition 
framework in the cold room is 
constructed to accommodate test 
walls 8 ft high with an allowance 
of 1 in. for clearance at the top 
and the bottom. Movable vertical 
posts can be positioned for various 
test wall widths. 

It is possible to install walls 
from 4 to 12 ft in width. Which 
width is preferable depends upon 
the thermal characteristics of the 
test wall and upon practical con- 


Fig. 6 Typical guarded hot box- 
test wall edge contact arrangements 
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siderations of wall fabrication. 
With walls having modules other 
than 12, 16 or 24 in., for example, 
it may be desirable to have a test 
wall wider than 4 ft and to make 
tests at more than one position, in 
order to determine the effect of 
joints or other discontinuities on 
the thermal coefficients. 

Fig. 6 shows the two edge ar- 
rangements that have been used 
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taped in place vertically on the air-box air temperature difference 


test wall. In both arrangements 
the contact edge of the box is 
clamped against the protruding 
edge of the insulation. The box is 
sealed to the edge of the insulation 
with tape. 

Whichever edge arrangement 
is used, the edge heat leakage 
error is a function of the average 
air temperature difference across 
the edge. In Fig. 7 measured 
thermal conductance is plotted 
against warm room air/guarded 
hot box air temperature difference 
for several test walls. The box air 
temperature is the average air tem- 
perature 3 in. from the test wall 
surface and the warm room air 
temperature is the average air tem- 
perature surrounding the guarded 
hot box edge, measured with ther- 
mocouples. 

There is a vertical air tem- 
perature gradient in the hot box 
dependent on the heat flow through 
the test wall. For walls of thermal 
conductance about 0.15 Btu/hr/sq 
ft/(F temperature difference), the 
air temperature at the top edge is 
about 2.5 F higher than that at the 
bottom edge, with a warm side/ 
cold side temperature difference of 
70 F. The air temperature gradi- 
ent in the warm room around the 
edge of the guarded hot box is 
similar to that encountered in the 
hot box itself. 
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This is achieved despite the 
confining effect of the hot box edge 
construction by providing gentle 
forced circulation with a propellor 
fan, which is directed to supple- 
ment the natural air motion in the 
warm room induced by the base- 
board convector on the wall oppo- 
site the test specimen. 

All the test walls show a 
marked variation of measured 
thermal conductance with air tem- 
perature difference between hot 
box and warm room. The degree 
of variation depends on test wall 
construction and on the type of 
edge arrangement that is used. 
Walls 1 and 2 of Fig. 7 are almost 
identical curtain walls. Wall 1 was 
4 ft wide and edge arrangement A 
was used at the vertical edges. 
Wall 2 was 8 ft wide and edge 
arrangement B was used at the 
vertical edges. The metal skin pro- 
vided a highly conductive heat 
transfer path across edge arrange- 
ment B. Consequently, the lateral 
heat transfer or edge heat leakage 
across edge arrangement B was 
greater than the lateral heat trans- 
fer across edge arrangement A for 
a given air temperature difference. 

Wall 3 of Fig. 7 is an 8- by 
8-ft test wall of uniform thermal 
conductance. At position 1, edge 


arrangement A was used at one 
vertical edge and edge arrange- 
ment B at the other. At position 
2, edge arrangement B was used 
at both vertical edges. The edye 
heat leakage at position 2 was 
greater than the oe heat leakage 
at position 1 for the same air tem- 
perature difference, since the re 
sistance to lateral heat flow through 
the plywood surface in edge ar- 
rangement B was less than through 
the perimeter insulation in edge 
arrangement A. 

With the warm room air tem- 
perature substantially higher than 
the box air temperature, the edge 
heat leakage results in a decrease 
in metered heat flow into the test 
area and vice versa. It would be 
desirable if there were no lateral 
heat flow at the edges of the test 
section with hot box and warm 
room at the same temperature. The 
surface temperature pattern at the 
edge would then be unaffected by 
the presence of the box and con 
ditions would be ideal for measur 
ing a correct value of thermal con- 
ductance. 

Fig. 8 shows surface tempera 
tures measured at the vertical edges 
of wall 3 with different warm room 
air temperatures for both edge al 
rangements A and B. At small 
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peratures 


values of hot box/warm room air 
temperature difference (up to 5 F) 
the surface temperature 5 in. from 
the edge was unaffected by the 
edge heat exchange. The distortion 
of the surface temperature pattern 
from this point to the edge at 
equal waim room and hot box 
temperatures was quite small, ex- 
cept at the junction of the speci- 
men and perimeter insulation; edge 
heat leakage resulted in an increase 
in heat flow at the inner surface 
in both edge arrangements. Similar 
measurements indicated a com- 
parable increase in heat flow at the 
top edge and perhaps a small de- 
crease in heat flow at the bottom 
edge with equal average warm 
room and hot box air temperatures. 

To assess the error due to edge 
heat leakage a relaxation calcula- 
tion? was carried out for a homo- 
geneous wall with edge arrange- 
ment A. The section studied is 
shown in Fig. 9 along with the 
temperature distribution obtained. 
The calculation has been made for 
equal air temperature in warm 
room and hot box and equal sur- 
face conductances. This latter as- 
sumption can be shown to be rea- 
sonably valid for the air and sur- 
face temperature conditions shown 
for edge arrangement B in Fig. 8 
and therefore also for edge ar- 
rangement A. It also has been 
assumed that the surface of the 
edge insulation in contact with the 
hot box is at hot box temperature. 

There is distortion of the iso- 
therms at the edge of the specimen 
primarily as a result of two factors. 
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Fig. 9 Temperature distribution at edge arrangement A 


First, the temperature gradient in 
the adjacent construction is differ- 
ent from that in the specimen as a 
result of the greater thickness and 
thermal resistance of the former. 
Consequently, all points through 
the depth of the specimen tend to 
be at a slightly higher temperature 
at the edge than at similar loca- 
tions removed from the edge with 
a resulting tendency for lateral 
heat flow into the test section. 
Counteracting this is the effect of 
the projection of the edge insula- 
tion on the warm side which tends 
to lower temperatures at the ad- 
jacent inner surface of the speci- 
men. The net effect is a small in- 
crease in metered heat flow from 
the hot box into the test area of 
the specimen. 

The increased heat flow at the 
edge of the specimen for arrange- 
ment A, as determined from the 
assumed inside surface conduct- 
ance and the calculated surface 
temperatures in Fig. 9 represents 
0.3 per cent of the total heat flow 
into the test area. On the other 
hand, the heat flow from the hot 
box into the edge insulation is 2.7 
per cent of the total heat flow into 
the test area. The calculation thus 
indicates that with the hot box 
and the warm room air tempera- 
tures balanced, the error in meas- 
ured thermal conductance due to 
edge heat leakage is +3 per cent. 
This is confirmed by the calculated 
value of thermal conductance for 
the test wall, based on measured 
values of conductivity for the insu- 
lation and published values of 


thermal conductance for plywood, ° 
which is 3 to 4 per cent lower than 
the value obtained in the guarded 
hot box. 

No relaxation calculation has 
been made of the edge heat leak- 
age error for edge arrangement B. 

e isotherm pattern, which can 
be visualized by reference to that 
for arrangement A in Fig. 9, will 
be affected only by the 1-in. square 
strip of edge insulation and will 
be symmetrical about it. The dis- 
tortion of the isotherms at the 
inner surface of the specimen ad- 
jacent to the edge will be similar 
to that in Fig. 9 but slightly more 
pronounced, since there will not be 
the counteracting effect of the 
thicker edge construction. Thus, 
for thin walls at least, the error due 
to edge heat leakage with warm 
room and hot box air temperatures 
balanced is likely to be slightly 
greater. This is confirmed by the 
results in Fig. 7, which for wall 3 
shows slightly higher values of 
thermal conductance at balance 
with arrangement B at both verti- 
cal edges. 

e error due to edge heat 
leakage can be minimized by re- 
ducing the projection of the edge 
insulation from the inner surface 
of the test specimen. Ideally, this 
should approximate the inside sur- 
face conductance of the specimen, 
which would be achieved with 
about % -in. thickness. The project- 
ing insulation acts as a gasket to 
overcome irregularities in the 
planeness of the wall specimen. 
The 1-in. projection was Kita to 
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facilitate sealing of the box with 
tape. Alternative methods of seal- 
ing the box to the specimen which 
will permit a smaller projection of 
the edge insulation are being con- 
sidered. This is expected to reduce 
errors due to edge heat leakage to 
negligible proportions at equal hot 
box and warm room air tempera- 
tures. Further investigations of 
edge heat leakage are planned 
relative to the effect of different 
surface conductances and air tem- 
peratures with various wall con- 
structions and edge arrangements. 
It is thought that the resistance 
paper analog might be adapted for 
this study. It will be recognized 
that edge heat leakage is equally 
a problem with the traditional 
guarded hot box.* 


WARM SURFACE HEAT 
EXCHANGE 


Heat transfer characteristics of wall 
constructions usually are specified or 
compared on the basis of the thermal 
transmittance coefficients or U values, 
which include the surface conduct- 
ances. Since the surface conductance 
is a function of surrounding condi- 
tions, it is necessary to use standard 
values. In the ASHRAE GUIDE in- 
side surface conductances are based 
on natural convection, with air and 
surroundings at the same tempera- 
ture. In the traditional guarded hot 
box, forced convection is provided, so 
that the inside surface conductances 
are usually much higher than those 
for natural convection. It is neces- 
sary, therefore, to base the thermal 
conductance of the wall on measured 
surface temperatures and to compute 
the U value, incorporating the stand- 
ard inside surface conductance. 

The inside surface temperature dis- 
tribution and therefore the thermal 
conductance of non-uniform walls is 
affected by the inside surface conduct- 
ance. Thus the thermal conductance 
obtained with forced convection on the 
inside may differ somewhat from that 
for natural convection. Furthermore, 
it is sometimes difficult to establish an 
appropriate average surface-to-sur- 
face temperature difference by direct 
measurement for the determination of 
thermal conductance of non-uniform 
walls because of the variations in sur- 
face temperature. 

It is therefore desirable in heat 
flow measurements to provide surface 
conductances closely approximating 
standard values used for calculating 
U values and to know the surface heat 
exchange characteristics of the “1 
paratus precisely, in order to facili- 
tate the determination of thermal 
conductance. 

The total heat exchange between a 
test wall surface and the guarded hot 
box is the sum of the convection ex- 
change between the surface and the 
box air and the radiation exchange 
between the surface and the box inner 
panel surface. 

Ge = + (1) 

In a grey enclosure, such as the 
guarded hot box, the radiation ex- 
change* is: 
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Fig. 10 Heat exchange in guarded hot box by natural convection 


qr = — (2 
For one source {guarded hot box) and 
one sink surface (test wall) and no 
interconnecting surfaces, it can be 
shown that 


(3) 
1 Aw 1 
—+ 
ew Ap ep 
The radiation component can also 
be accounted for by the following: 


qr = hy (tp — tw) (4) 
where 
(T,*— 
h, = Pep (5) 
(T, — Tw) 


Equation (5) can be approximated by 
the following: 


hy = 4 Fup? (Tm)* (6) 


For the range of conditions in the 
guarded hot box tests, the error in 
using equation (6) is less than 0.05 
per cent. 

The heat transfer between the air 
in the guarded hot box and test wall 
surface is by natural convection. The 
convective movements are brought 
about solely by differences of density 
caused by differences of temperature. 
Natural convection can be expressed 
in dimensionless terms by relating 
the Nusselt, Grashof and Prandtl 
numbers as follows* 


Nu=x (Gr Pr)? 


Be’ (ta — tw) 
(7) 


The constants x and y are evaluated 
from experimental data. The equa- 
tion can be applied to all tests in the 
guarded hot box provided that the 
geometry of the system remains the 
same and (Gr Pr) lies within the 
range of conditions used in the orig- 
inal evaluation of the constants. 

The bulk temperature of the fluid, 
well away from the surface, is used in 
the determination of the temperature 
difference (ta—tw). The values of 
the physical constants C,, p, k, and # 
are taken at the arithmetic mean tem- 
perature of surface and bulk fluid. 
The height of the wall surface is 
taken as the characteristic linear 
dimension, L. 


Because the temperature range in 
the guarded hot box tests is small, 
the physical properties of air may be 
regarded as constants. Equation (7) 
can therefore be simplified to: 


ho =x’ (ta tw)? 
where 


(9) 


The heat flow rate due to convec- 
tion is: 


Qe = he (ta — tw) (10) 


The total heat flow rate from equa- 
tions (1), (4) and (10) is 


q: =h, (tp — tw) +h. (ta — tu) 
(11) 


Combining h, and h. to form the usual 
surface conductance f; and defining 
an equivalent temperature t:, equation 
(11) becomes: 


(ti — tw) (12) 
The equivalent temperature, t:, is the 
temperature of air and panel surface 


which would produce the same total 
heat flow rate as tp, and t, and is cal- 


(8) 


culated from equations (11) and 
(12)’. 
hy ty + he ta 
= (18) 


hy + he 


For a test on a wall of uniform con- 
ductance where it is possible to meas- 
ure the average surface temperature, 
tw, accurately, qr can be calculated 
readily from equation (2), knowing 
the emissivities and interchange fac- 
tor. Since q: is measured accurately, 
qe and hence h. can be determined 

rom equations (1) and (10). A num- 

ber of values of h. can be obtained 
from tests at a number of different 
total heat flow rates. The dimen- 

sionless aie from equation (7) 

can then evaluated for each of the 

tests and the constants x and y de- 
termined by correlation. 

The following three series of tests 
were carried out with the guarded hot 
box to evaluate the convection con- 
stants: 

1. Tests at different total heat flow 
rates on a uniform 4- by 8-ft wall 
painted flat white (e,—= ew — 0.87) 

2. Tests at different total heat flow 
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Fig. 11 Heat exchange in 
guarded hot box 


rates on same wall as above but 
covered with aluminum foil (e,= 
0.87, ew = 0.05) 

3. Tests at different total heat flow 
rates on a uniform 8- by 8-ft wall 
painted flat white (e, = ey — 0.87) 

The total hemispherical emissivities 

quoted were estimated from the meas- 

ured® total normal emissivities. For 
this purpose the total hemispherical 

emissivity was taken as 0.95 and 1.15 

of the total normal emissivity for non- 

conductive and conductive surfaces, re- 
spectively’. The over-all interchange 
factors were calculated from equation 

(3). For all tests Av = 82 sq ft, 

A,» = 137 sq ft for series 1 and 2 and 

153 sq ft for series 3. The change in 

box surface area was due to extensive 

modifications carried out between 
series 2 and 3 tests. Average air and 
surface temperatures were measured 
with thermocouples. The temperature 
of the inner panel circulating fluid 
was taken as the average tempera- 
ture of the inner surface of the guard- 
ed hot box. All air properties were 

taken from reference 8. 

_ The test results are shown plotted 

in Fig. 10. Curves from Fishenden 

and Saunders also are given. There 
is substantial disagreement between 
the results for the high and low emis- 

Sivity surfaces. For this reason the 

results for each were correlated sepa- 

rately by the method of least squares. 

The analysis indicated that convec- 

tion to the test wall surfaces may be 

represented by the following equa- 
tions: 
For ew =e, = 0.87 


Nu = 0.32 (Gr Pr)**” (14) 
For e. = 0.05, e, = 0.87 
Nu = 0.42 (Gr Pr)** (15) 


Considering air properties as being 
constant the equations can be simpli- 
fied to the form of equation (8) as 
follows: 


For ew = e, = 0.87 


h. = 0.29 (t. — tw )*™* (16) 
For e. = 0.05, e, = 0.87 
h, = 0.21 (t, —t.)** (17) 


_ The difference in the rate of convec- 
tion heat exchange for the high and 
low emissivity surfaces can Se ex 
plained by reference to the various 
heat exchanges taking place in the 
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guarded hot box, shown in Fig. 11. 
A summation of the heat exchanges 
gives: 

(18) 
hence 

de = q'e + Qu (19) 
Test results show that the panel sur- 
face to air temperature difference 
(tp — ta) is quite small. Furthermore, 
at equal air to wall surface tempera- 
ture difference (t.—tw), the differ- 
ence between (tp—t.) for the high 
and low emissivity wall surface is 
negligible. It can be seen from equa- 
tion (19), therefore, that the differ- 
ence in the convection exchange, 4q-, 
at equal values of (Gr Pr) for the high 
and low emissivity wall surfaces is 
due to differences in the motor loss qu. 
Since the motor loss increases with 
increasing total heat input, q. in- 
creases proportionately. The increased 
radiation exchange to the high emis- 
sivity surface requires a larger total 
heat input. The convection heat rate, 
qe, is therefore larger for the high 
emissivity surface. 

The equation to be used for the cal- 
culation of the convective component 
of the surface conductance therefore 
depends upon test wall emissivity. 
The two equations determined here 
correspond to the extremes of surface 
emissivity likely to be encountered in 
guarded hot box tests. 

The convection equations compare 
favorably with the recommended 
equation for turbulent flow on vertical 
free plates (curve A Fig. 10). This 
is expected since turbulence is known 
to set in at (Gr Pr) about 10° although 
at values of 10° to 10” it is still fully 
developed only at the upper parts of 
the surface. It is thought that the 
over-all effect of the boundaries is to 
reduce the convection heat transfer 
below that expected on a free plate of 
the same dimensions. This is offset, 
however, by the presence of the pump 
motor, which increases the convection 
heat transfer by increasing circula- 
tion. 

Equations (6), (16) and (17) are 
used in calculating surface conduct- 
ances for guarded hot box tests. 
Where the wall surface emissivity 
falls between values for which the 
convection equations are valid, the 
surface can usually be painted to 
provide an emissivity approximately 
equal to 087. These equations can 
also be used to determine an average 
surface temperature for non-uniform 
walls from which a wall thermal con- 
ductance can be calculated. Rear- 
ranging equation (11) gives 


hr tp + he ta — Qe 
he 


from which t. can be obtained by 
trial and error. 

The surface conductances provided 
in the hot box tests compare favor- 
ably with those recommended by the 
ASHRAE GUIDE’ for purposes of 
computation. For a surface of emis- 
sivity 0.90 and temperature 70 F fac- 
ing surroundings having an emissivity 
of 0.90 and at the same temperature 
as the ambient air, the GUIDE recom- 
mends a combined surface conduct- 
ance of 1.46 based on a surface-air 
temperature difference of 10 F. For 
the same conditions the surface con- 
ee with the guarded hot box is 


(20) 


w 


COLD SURFACE HEAT 
EXCHANGE 

Forced convection is provided in the 
cold room by air movement induced 
by the diffuser fans. Each fan motor 
has three speed settings and the total 
air discharge rate can be varied from 
2800 to 11,400 cfm in six steps. The 
discharge rate decreases slightly with 
frost build-up on the evaporator coils. 
Tests on smooth-surface uniform 
walls with emissivity equal to 0.9 
have shown that outside surface con- 
ductance, f., varies between 3 and 4 
with the main diffuser fan operating 
at high speed. 

The variation in surface conduct- 
ance with heat flow, temperature level 
and wall emissivity is rather small 
since the heat transfer is mainly by 
forced convection. Calculations for a 
typical wall show that the radiant 
component of the surface heat ex- 
change may vary from 0.4 to 0.75 for 
a wall of 0.9 emissivity and from 0.1 
to 0.2 for a wall of 0.25 emissivity as 
the cold room temperature varies from 
—60 to 40 F. 


CONCLUSION 


It has been shown that heat flow 
through any 4- by 8-ft section of 
test walls up to 12 ft in length can 
be metered reliably with the 
guarded hot-box cold-room ar- 
rangement described in this paper. 
The total error in determination of 
thermal transmittance coefficients 
depends upon test conditions and 
on wall thermal conductance. For 
a wall of U value 0.1 Btu/hr/sq ft/ 
F at a temperature difference of 
30 F the total of panel heat leak- 
age, control and measurement 
errors, if additive, is + 2.8 per cent. 
The edge heat leakage error de- 
pends upon wall construction and 
edge arrangement. For thin wall 
sections with the edge configura- 
tion used to date it is about +3 
per cent. 

The error in measured thermal 
transmittance coefficient for such 
walls is therefore between + 0.2 
per cent and + 5.8 per cent. Alter- 
native methods of sealing the box 
to the wall specimen which will 
largely eliminate edge heat leak- 
age error are being considered. 

e total percentage error will de- 
crease as the temperature difference 
between hot box and cold room 
increases or as the thermal con- 
ductance of the wall increases. 

The error in measuring ther- 
mal conductance depends on the 
reliability with which an appro- 
priate average surface temperature 
can be measured or estimated. 
Operation indicates that heat trans- 
mission coefficients can be repro- 


duced within 1.0 per cent. 
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The temperature of the inside 
surface of the hot box is under 
direct control. This makes it pos- 
sible to operate the box under con- 
ditions ga convection with- 
out excessive vertical air tempera- 
ture gradients and to exercise some 
control over the relationship be- 
tween box surface and air tem- 
perature. With energy supplied 
only to the pump motor the air 
temperature has been generally 
within 4 F of the box caleed tem- 
perature in tests on typical walls. 

Relationships describing the 
radiant and convective components 
of the inside surface conductance, 
applicable to most walls, have 
been determined for the box. These 
relationships can also be used to 
determine an average inside sur- 
face temperature for non-uniform 
walls from which a wall thermal 
conductance can be calculated. 
The inside surface conductances 
provided by the box are similar to 
those that occur in practice under 
natural convection conditions. Real- 
istic outside surface conductances 
can be provided in the cold room. 
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NOMENCLATURE 


A= area of a surface, sq ft 
Ay», inside surface of guarded 
hot box 


Aw, surface of test wall 
C= thermal conductance, Btu per 
(hr) (sq ft) (F temp diff) 
C,= specific heat of air at con- 
io pressure, Btu per (Ib) 


e= total hemispherical emissiv- 
ity of a surface, dimension- 
less e,, inside surface of 
guarded hot box 
@w, surface of test wall 

f=combined surface film con- 
ductance, Btu ad (hr) (sq 
ft) (F temp diff) 
f:, warm surface; f., cold 
surface 

= over-all interchange factor 
for radiation from test wall 
to guarded hot box, dimen- 
sionless 

g = local acceleration of gravity, 
ft per (sec’*) 

Gr = Grashof number, L’ 

(t. — tw)/u’*, dimensionless 
h= surface conductance, Btu per 

(hr) (sq ft) (F temp diff) 

h., convection; h;, radiation 
k= thermal conductivity of air, 

Btu per (hr) (sq ft) (F per 

ft of thickness) 

K = thermal conductivity, Btu per 
(hr) (sq ft) (F per in. of 
thickness ) 

L=characteristic linear dimen- 
sion for convection, ft 


Nu= Nusselt number, h. L/k, di- 


mensionless 
Pr= Prandtl number, #C,/k, di- 
mensionless 
q= heat flow rate, Btu per (hr) 
(sq ft) 


Qe, convection heat exchange 
between box air and test 
wall surface 


q’-, convection heat exchange 
between box inner panel 
surface and box air 


qu, convection heat exchange 
between box motor and 
box air P 

qr, radiation heat exchange 
between box inner panel 
surface and test wall sur- 
face 

qt, total heat exchange be- 
tween box and test wall, 
also equal to total heat 
input to box 


T= absolute temperature, R 
(deg) 
T,, average air temperature 
in guarded hot box 
T,, average temperature of 
inner panel surface of 
gua hot box 


Tw, average temperature of 
: test wall surface 


Tm,mean temperature be- 
tween inner panel surface 
and test wall surface 


t— temperature, F (deg) 
ta, average air temperature 
in guarded hot box 


ti, temperature equivalent to 
tp and ta 


to, average air temperature 
in cold room 


tp, average temperature of 
inner panel surface of 
guarded hot box 


tw,average temperature of 
test wall surface 


U=thermal transmittance, Btu 
we (hr) (sq ft) (F temp 
iff) 


x, x’, y = constants 
Greek Letters 

B = coefficient of thermal expan- 
sion of air, 1/T, per R 

o = Stefan-Boltzmann constant 
0.1712 X 10° Btu per (hr) 
(sq ft) (R)* 

“#=—= dynamic viscosity of air, lb 
per (hr) (ft) 

p = mass density of air, slugs per 
(ft)° 
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It is up to the engineer to link 


Quality and Cost Reduction 


I define “cost reduction” as reduc- 
ing the cost of a product or service 
to the consumer within the stand- 
ards established for quality, per- 
formance, life, styling and features. 
No problem of quality reduction 
should exist in a well-directed en- 
gineering cost-reduction program. 

It does not require a “high- 
powered” engineer to reduce the 
cost of a product through removing 
quality, features or style. It does 
take ingenuity and ability to im- 
prove the engineered value of a 
product by reducing its cost to the 
consumer without lowering the 
specifications of the product. 

If each of us maintains a stand- 
ard of quality for the ultimate con- 
sumer, we will have fulfilled one 
obligation. We have others: to im- 
prove continuously the product’s 
engineered value, improve the 
profitability of our enterprises, and 
pass on some of that profit to the 
customer. 


AREAS OF COST REDUCTION 


There are three areas of possible 
cost reduction: 

l. The first asks if a sheet 
metal part cannot be a gauge 
thinner; one fewer screw accepta- 
ble for fastening; paint, a half-mil 
thinner. Such questions threaten 
the safety factors originally de- 
signed into the product, factors 
that guard against lack of good 
process control, abuse of the prod- 
uct, and unforeseen field condi- 
tions. Only extended field use may 
tell us if quality suffers because of 
cost reduction. Field failure, and 


consequent service complaints, may . 


prove more costly than the savings 
originally anticipated. 

2. In the second area of cost 
reduction, engineering creativity 
improves materials, processes and 
tooling to reduce costs without 
sacrificing quality. Such efforts 
William E. Mahaffay is Vice President of 
Engineering, Whirlpool Corp. These excerpts 
are from an address entitled “Cost Reduction 
vs, Quality” presented at the 68th Annual 
Meeting of the ASHRAE. Denver, Colo., June 


26-28, 1961, before the Domestic Refirgerator 
ineering Symposium. 
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may act to: 

a. Put material to more ef- 
fective use in the product; for 
example, using a thinner gauge 
material and designing stiffening 
ribs. 

b. Simplify design by reduc- 
ing the complexity or number of 
parts required to perform a func- 
tion. 

c. Eliminate the human ele- 
ment in fabrication, assembly and 
inspection. 

d. Make maximum use of 
common parts throughout a line 
of products. 

e. Use parts with the maxi- 
mum tolerances to produce a de- 
sired quality level of performance. 

3. The third area of cost re- 
duction reduces labor by keeping 
the number of models in a product 
line at a practical minimum and 
limiting model changes to worth- 
while improvements. Reducing 
labor for set-up changes makes for 
longer production runs and, in 
general, improves quality. Product 
engineering effort can also be re- 
duced with this approach, and 
keeping quality at a high level will 
reduce the number of inspectors 
normally required. 


ENGINEERING RESPONSIBILITY 


The engineers of this industry have 
the responsibility for designing 
quality into their products and for 
maintaining that quality. Others 
have responsibility towards the 
product, too, but quality cannot 
be inspected or sold into a prod- 
uct, it must be designed in. 

Ultimately, cost reductions are 
passed to the consumer; cost de- 
termines price. Price, coupled with 
demand, controls the volume’ of 
product consumption. But quan- 
tity bought may change, also, be- 
cause of changes in price of other 
consumer goods, or because of 
consumer income variations. These 
factors merit increasing study by 
the engineer. 


FUTURE ENGINEERS 


Someone has said, “Time, no longer 
an ally, now has become an ad- 
versary.” New developments fol- 
low one another so rapidly that 
time seems to be moving at an 
ever-increasing rate. Sociologists 
tell us that technical progress is 
far ahead of social progress. The 
engineer can open a new direction 
to his work by adding a new set 
of values: social values. 

With new influences coming 
to bear on the engineer, the engi- 
neering stage-setting is changing 
continuously, and so are the actors. 
Who will be the engineering lead- 
ers of the future? I cannot tell, 
but I can conjecture as to the ideal 
makeup of these men. 

First, they will be broadly 
educated in the technologies. They 
will know how to relate their fields 
of work to other fields and draw 
on them for most productive re- 
sults. 

Second, they will have a bet- 
ter understanding of our economic 
system. 


Here is how product engineering costs can be reduced and quality main- 


tained, 


Under new influences, new dimensions appear for engineering leadership. 
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Third, they will be much more 
conscious of the society around 
them; the needs, desires and aspi- 
rations of people. 

Fourth, they will be much 
more aware of accelerating time 


factors in our advancing culture. 
They will have difficulty keeping 
abreast of time. 

These men, for instance, will 
know the language of the elec- 
tronic computer and be able to 


solve business as well as engineer- 
ing problems with the aid of such 
new-day equipment. They will also 
know how to solve human-factor 
problems — adding a new dimen- 
sion to engineering. 


ASHRAE NEW MEMBER CAMPAIGN 
ONE MONTH OLD 


Early in September, as an- 
nounced in the JOURNAL (Sep- 
tember 1961, pages 57 through 
60), ASHRAE’s Membership De- 
velopment Committee launched 
its campaign to add 2,000 new 
members during the fiscal year 
1961-62, 

By now, your Regional Direc- 
tors and Chapter Officers have 
had ample opportunity to ex- 
amine the specially prepared 
Membership Kit containing the 
statement of policy for the Mem- 
bership Development Program, 
suggestions for committee organi- 
zation and campaign procedure, 
and promotional aids. Among the 
latter is an attractive 10-page 
brochure entitled ASHRAE — 
YOUR KEY TO PROFESSIONAL 
ADVANCEMENT. This booklet 
presents the advantages of mem- 
bership in our Society and out- 
lines our goals and activities, It 
extends an invitation of member- 
ship to engineering graduates, 
newcomers in the field of heating, 
refrigerating, air conditioning and 
ventilating, and to veterans who 
have not yet joined. You may al- 
ready have been advised by your 
chapter as to how this booklet 
may be utilized in soliciting new 
members. 

The theme of the campaign 
is: “Every Member an ASHRAE 
Booster.” The Membership De- 
velopment Committee desires 
every current member to assist his 
local Membership Development 
Committee in recruiting new 
blood . . . in order to strengthen 


the aims of the Society and to in- 
ject new vitality into our activities. 

Each Chapter is challenged 
to increase its membership by a 
specified percentage — 10% for 
those chapters having 250 mem- 
bers or more and 20% for chap- 
ters with 249 members or less, A 
Citation of Achievement will be 
given to every Chapter achieving 
its set quota. 

Regional Directors, too, are 
challenged to assist those Chap- 
ters within their sphere of influ- 
ence to recruit new members. A 
Citation of Achievement will be 
awarded to each Regional Director 
whose region shows a 10 per cent 
increase in membership, 

It is still far too early to 
record any membership in- 
creases. We hope, however, to be 
able to report new member ad- 
vances in the November JOUR- 
NAL Which Chapter will be FIRST 
to bring in new members? We 
cannot predict. But, we do know 
that PRIDE, ENTHUSIASM, 
SOUND COMMITTEE ORGAN- 
IZATION and AGGRESSIVE RE- 
CRUITING BY EVERY MEMBER 
are guarantees of success. 


WHY INCREASE MEMBERSHIP? 


Each member will be asked to 
support his Chapter as a TEAM 
BOOSTER — a go-getter who will 
search for prospects and then 
convince them to join. Unless a 
salesman is “sold” on his product, 
he will have little success in per- 
suading others to buy. Are you 


“sold” on your Chapter, on 
ASHRAE? Do you feel that we 
need more members? Who should 
these new members be? 

ASHRAE’s object is to pro 
mote the arts and sciences of 
heating, refrigerating, air condi- 
tioning, ventilating and allied 
fields. Industrial progress is testi- 
mony to our past accomplish- 
ments and current efforts. 
Our accomplishments in the fu- 
ture will depend upon new mem- 
bers, dedicated to the aims and 
purposes inherent in our By-Laws. 
We cannot expect to add 2,000 to 
the grades of Member and Asso- 
ciate within any one year. We 
can however, recruit other quali- 
fied candidates who may later 
advance to these higher levels. 
Our Society must continue to 
grow in order to survive. 

Your responsibility as a 
member is to insure this growth! 

PLEASE CHECK... The 
brightly colored green and white, 
four-page insert in the September 
JOURNAL was scored so that it 
could easily be extracted. If you 
have not done so already, please 
clip this insert and send it to a 
prospect, along with an applica- 
tion blank. Follow this up with a 
phone call or a personal visit. 
This insert can be your first step 
in recruiting a new member. 


W. H. MULLIN, 

Chairman 

Membership Development 
Committee 


Every Member an ASHRAE Booster 
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What ASHRAE Regions and Chapters are doing 


Full-scale reporting of Chapter News will be resumed 
with our November issue as local activities re-expand 
in the fall months and news reports are received. 


HOUSTON . . . Upgrading of Chapter membership 
was discussed at the Board of Governors meeting 
on August 15, in addition to methods of increasing 
the membership. Suggested were a program to be 
presented at Texas A & M and an engineering stu- 
dent night, to encourage engineering students in 
the area to participate in Chapter activities. 

Oliver Conrad of Minneapolis-Honeywell Regu- 
lator Company spoke at the August 22 meeting on 
“Automation,” accompanying his talk with slides. 
First major commercial use of automation, he stated, 
was in the petroleum industry. As over-all air con- 
ditioning of buildings increases, more attention is 
being given to automation, which can provide an 
indication of equipment temperature, enable an 
operator to reset operating conditions and sound an 
alarm on critical conditions. Graphic panels often 
are utilized to give the operator a schematic view 
of the equipment under contro]. Audio monitoring 
also is available, which was cited as being especially 
important on large installations. The automation 
system can incorporate permanent logging by strip 
charts or data logging machines, or, in lieu of log- 
ging, a technique designated “scanning” can be 
incorporated for critical points. 

Speaker Conrad advised that data processing 
and programming may be added to these basic 
sensing systems. With this, he explained, in addition 
to sensing operating conditions, major items of 
equipment can be started and stopped automatically 
and adjustments to equipment operation can be 
made to maintain optimum air conditioning system 
operation. 

Scheduled for the September meeting will be 
Past-Presidents’ Night. 


CLEVELAND ... At the Board of Governors meeting 
on July 10, subjects under discussion included the 
selection of Cleveland as site for the 1964 Annual 
Meeting, decrease in number of the National Board 
of Directors and the Regional Meeting to be held 


CHAPTERS REGIONAL COMMITTEE 
COMING MEETINGS 
REGION |, Central New York Chapter (Syracuse), 


Oct. 2-3 

REGION Ili, Hampton Roads Chapter (Norfolk), 
Nov, 4 

REGION IV, Jacksonville Chapter (Jacksonville), Oct. 
19-20 


REGION V, Columbus Chapter (Columbus), Oct. 13-14 
REGION VI, Michigan Chapter (Detroit), Oct. 16 
REGION VII, Mississippi Chapter (Jackson}, Nov. 6 


in Columbus, Ohio, on October 13 and 14. 
who's doing what . . . Newly appointed Committee 
Chairmen are: Paul Menster, Program; James Black, 
Membership; William Wohl, Entertainment; Dean 
Keuch, Meetings; George Kelly, Publicity; Dennis 
Boggs and DeWitt Noeth, Auditing; Donald R. 
Harper, Technical; and Kenneth N. Hawk, Scholar- 
ship. B. Henn is Chapter representative to the 
Cleveland Technical Societies Council and R. Rubin 
is Regional Representative. 


DAYTON . . . September 12 began the fall season 
for this Chapter, with a scheduled program on 
“Thermo-Electric Refrigeration.” Guest speaker was 
to be Dr. A. R. Bernoff, Director of Research for 
the Materials Electronic Products Corporation. 

Scheduled for October is the Regional Meeting 
in Columbus, Ohio, on October 13 and 14. 


CENTRAL INDIANA . . . Beginning the fall season 
on September 12 was to be a panel discussion of 
compressors and compressor problems, covering a 
wide range of refrigeration and air conditioning 
compressor subjects. Under the direction of William 
Freije, Sr, as moderator, panel members E. E. 
Hunter, Charles Hottel and William Peine were 
scheduled to engage in a discussion of RE 
installation and service of small and medium size 
compressors. Among topics to be covered were the 
relative merits of Refrigerants 12 and 22 and uses 
of refrigerants for specific jobs. 

who's doing what . . . Sixth recipient of the W. T. 
Miller Award, presented annually to a member of 
the Purdue University Student Branch, was Carl 
Grinstead. John Kamman and George Rawlinson 
were runners-up. 


KANSAS CITY . . . Guest speaker at the first fall 
meeting, scheduled for September 5, was to be 
Ralph G. Nevins, Professor and Head of the Me- 
canical Engineering Department at Kansas State 
University. Covering “Air Motion and Human Com- 
fort,” he planned to discuss design of room air dis- 
tribution systems to absorb the proper heating or 
cooling load, provide ventilation and distribute the 
conditioned air so as to provide a comfortable, uni- 
form environment. 


JACKSONVILLE . . . Speaking at the July 11 meeting, 
William Wayman of Johnson Service Company gave 
a report on Australia’s mechanical industry. 

Discussion of the Region IV Meeting was 
featured on August 1, with James Hammond, Leo 
Vogel and Paul Stewart covering various aspects of 
the meeting. 
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Meetings ahead 


October 2-3—Engineers Council for 
Professional Development, 29th An- 
nual Meeting, Lousiville, Kv. 


October 2-4— American Gas Asso- 
ciation, Annual Convention, Dallas, 
Texas. 


October 7-10 — Western Building In- 
dustries Exposition, Los Angeles, 
Calif. 


October 19-21—National Societv of 
Professional Engineers, Fall Meet- 
ing, Roanoke, Va. 


October 23-27—National Metal Expo- 
sition, Detroit, Mich. 


October 31-November 2 — Fourth Ca- 
nadian Refrigeration and Air Con- 
ditioning Show, Toronto, Ont. 


November 5-7—National Frozen Food 
Association, National Convention 
and Exposition, Bal Harbour, Fla. 


November 6-10 — National Warm Air 
Heating and Air Conditioning As- 
sociation, 48th Annual Convention, 
Chicago, 


November 6-11—Experimental Center 
for Refrigeration, Fourth General 
Assembly, Valencia, Spain. 


November 12-15 — Air Conditioning 
and Refrigeration Institute, Annual 
Meeting, Hot Springs, Va. 


November 16 National Electrical 
Manufacturers Association, 35th 
Annual Meeting, New York, N.Y. 


November 26-December 1—American 
Society of Mechanical Engineers, 
Winter Annual Meeting, New York, 
New York. 


November 28-30 — Building Research 
Institute, Fall Conferences, Wash- 
ington, D. C. 


January 29-February 1—American So- 
ciety of Heating, Refrigerating and 
Air Conditioning Engineers, Semi- 
annual Meeting, St. Louis, Mo. 


February 9-11—Air Conditioning and 
Refrigeration Wholesalers, Annual 
Convention, Los Angeles, Calif. 


February 12-15—12th Exposition of 


the Air Conditioning, Heating and 
Refrigeration Industry, Los Angeles, 
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News of ASHRAE members 


Honors and Recognitions 


P. B. Gordon, Presidential Member and Fellow, ASHRAE, 
1960 recipient of the F. Paul Anderson Award and Vice 
President of Wolff and Munier, Inc., nas been appointed to 
serve on the Special Advisory Committee of the Building 
Research Advisory Board for the Study of Building Re- 
search in the National Bureau of Standards. Mr. Gordon, 
recently re-elected Vice President of the Building Research 
Institute and Vice Chairman of its <xecutive Committee, 
has served in various capacities in his long career with 
ASHRAE and precedent ASHAE. 


New jobs 


Robert C. Binnion, recently promoted to Manager of the Trane Company 
Philadelphia sales office, succeeds Fred Manget, who has been promoted to 
Manager of the eastern sales region. A 1950 graduate of the United States 
Naval Academy, Mr. Binnion joined Trane in 1954 as a sales engineer. 


Robert B. Kay joins Frick of Canada Ltd. as Executive 
Engineer, following service with the Canadian division of 
an English manufacturer of industrial and marine refriger- 
ation and air conditioning equipment. He is a graduate of 
the University of London, King’s College, with an Hon- 
ours Degree in Mechanical Engineering. 


Edward S. Leonard has been appointed Sales Engineer at the Houston office 
of Clark Brothers Company, a Div of Dresser Industries, Inc. He has been 
in application and sales engineering at Clark headquarters in Olean, N. Y., 
for more than ten years. 


Harold E. Taylor has joined Dunham-Bush, Inc., as a sales engineer in the 
Boston office. With 25 years’ experience in air conditioning, he was associated 
formerly with York Corporation. He is a graduate of Northeastern University. 


Peter D. Stevens is now Vice President of Crane Limited. 
Organizer of the Engineered Products Group of the com- 
pany, and director of its operations since its formation 
earlier this year, he will retain management of the Group. 
He will be headquartered in Montreal. 


J. P. Ketcham, after twelve years in Marley Company’s New York office, has 
been transferred to the Kansas City general office, where he will be Manager 
of the Applied Products Department. He joined the company at the East 
Coast regional office in 1949, and after several years of application engi- 
neering became Supervisor of Distributor Sales. 


Henry Lisowski, appointed to Manager, Industrial Sales, for American Tube 
& Controls, Inc., has been with the company since July, 1960. A graduate 
of Norwich University, he previously was with Taco Heaters, Inc., for ten years. 


Necrology 


William R. Stockwell, 86, a pioneer in design and manufacture of central heat- 
ing equipment, died on July 29. He began his career as a draftsman with 
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Lord and Burnham Company, later becoming general manager. In 1921 he 
became Vice President and General Manager of Weil-McLain Company, re- 
tiring in 1949. An organizer of the Institute of Boiler and Radiator Manu- 
facturers, he was its Chairman for two terms. He had been a member of 
ASHRAE and precedent ASHAE for more than fifty years. 


Lawrence A. Lambert died on July 27 at the age of 57. He had owned his 
own refrigerating business until he joined the General Services Administration 
Agency of the U. S. Government in 1949, for which he was Assistant Chief of 


the Design and Construction Div. 


William O. Miller, deceased, had been Heating and Air Conditioning Engi- 


neer with Leland S. Rosener, Jr. 


Robert H. Sweeney was a manufacturer’s representative at the time of his 


recent death. 


James H. Legg died recently at the age of 61. He had been President of 


Federal Boiler Company, Inc. 


Leonard Peller was 49 at the time of his recent death. He was Supervising 


Engineer for United Engineers and Constructors. 


Francis M. Gea. ga Senior Vice President of Charles H. Tompkins Com- 
y. 


pany, died in Ju 


John W. Collins, deceased, had been a member of the Society since 1946. 
G. Ross Hamilton of Adjeleian, Goodkev, Weedmark & Associates, Ltd., died 


earlier this year at the age of 69. He joined the Society in 1925. 


Alfred M. Dion, an engineer with Wiggs, Walford, Frost and Lindsay, died on 


June 26. 


Henri Dagenais was Vice-President and General Manager of Commercial & In- 


dustrial Ventilation Ltd. at the time of his recent death. 


R. Emmet Moylan, a partner in the firm of M. W. Sausse and Company, died 


recently at the age of 45. 


Joseph G. Heitman, deceased, had been an engineer with Anderson & Litwack 


Company. He was 53. 


Fellow and Presidential Mem- 
ber Harry Sloan died recently 
at the age of 91. Born October 
2, 1869, in Guilderland, N. Y., 
he was graduated from Cornell 
University in 1894 and joined 
precedent ASRE in 1916. 
During his long career with 
the Society, he authored innu- 
merable papers which were pre- 
sented at various Society meet- 
ings and published in Refrig- 
erating Engineering and other 
magazines. Committee service 
includes membership on_ the 
Advisory Board for the DATA 
BOOK, and the Educational, 
Nominating (Chairman 1923) 
and General Technical Com- 
mittees. He was elected Vice 
President of the Society in 1921 


Presidential Member Harry Sloan 1869-1961 


and President in 1922. Active 
locally, he was Chairman of 
Milwaukee Section in 1919-20. 

Joining Vilter Manufactur- 
ing Company in 1914 as Advi- 
sory Engineer, he served ac- 
tively in that capacity until 
1955, when he was injured in 
an automobile accident. He re- 


. tired officially in 1959. Holder 


of numerous patents in the re- 
frigeration field, he helped set 
up specifications for coolers for 
army installations during World 
War I. 

Activities in other societies 
includes service as President of 
the Engineering Society of Mil- 
waukee and Ist and 2nd Vice 
President of the American In- 
stitute of Refrigeration. 
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thermal mass . . . or water equivalent 
of a system affects the period of time 
required for a heating plant to yield 
its full output. The lower the thermal 
mass, the faster the response. Thermal 
mass of a conventional radiator sys- 
tem may be reduced by use of steel 
rather than cast-iron radiators, radi- 
ators with low water content, thin- 
walled pipes of small diam and a 
smaller boiler. Heating, August 1961, 
page 272 (British). 


shaded walls . . . proposed to reduce 
effects of solar heat, utilize panels in 
pre-cast concrete, metal or glass to 
combine the thermal advantages of 
heavyweight construction (heat stor- 
age and insulating capacities) with 
the practical features of lightweight 
construction. During the day, this 
cavity wall offers high resistance to 
heat, yet in the evening it allows in- 
door conditions to follow the comfort- 
able temperature of the outdoors 
Architectural Record, August 1961, 
ge 145. 


reduced building costs . . . and sav- 
ings in space and volume can be 
obtained by utilizing available energy 
sources within the building in a radi- 
ant air system which uses cellular air 
floor distribution. To be effective, the 
cellular floor must satisfy the follow- 
ing requirements: be capable of con- 
veying all supply and return air 
consistent with present and future 
occupancy requirements; serve to dis- 
tribute air with no limitations imposed 
by temperature control of supply air; 
be capable of complete electrical cell 
flexibility independent of cell usage; 
and reduce cubage in multi-story 
buildings. Air Engineering, July 1961, 
page 42. 


cooling tower performance . . . as 
developed by Merkel, used for the 
final equation a number of assumptions 
and approximations. Accuracy is sac- 
rificed as a result, but modifications 
may be made in the application to 
minimize the extent of the <esu'ting 
errors. A detailed explanation of tse 
procedure involved in development of 
the final equation is provided in this 
article. Transactions of the ASME, 
Journal of Heat Transfer, August 
1961, page 339. 
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ASHRAE REGION AND CHAPTER OFFICERS 


PRESIDENT 


VICE PRESIDENT 


REGION I—P. K. BARKER, REGIONAL DIRECTOR 


Boston 


Central New York 
Long Island 


New York 
Niagara Frontier 


North Jersey 


Northeastern New York 


Northern Connecticut 


Rhode Island 


Rochester 


Southern Connecticut 
Western Massachusetts 


A. L. Hesselschwerdt, Jr. 


E. L. Galson 
S. L. Gayle 


S. A. Spencer 
R. W. Bartsch 
C. E. Parmelee 


B. E. Mullen 
A. S. Decker 


C. H. Dow 
S. J. Stachelek 


C. Martin, Jr. 


REGION II—J. H. ROSS, REGIONAL DIRECTOR 


La Ville de Quebec 
Manitoba 


Montreal 


Niagara Peninsula 
Northern Alberta 
Ontario 


Ottawa Valley 
Southern Alberta 


A. Servaut 
H. B. Cooper 


W. M. Carr 
R. G. Proudfoot 
E. Fox 


P. G. Fortier 
N. J. Howes 


R. B. Stevens (Ist) 
C. W. Morrill (2nd) 


B. P. Morabito 
W. G. Kane 


H. F. Burpee 
H. J. McLaughlin (1st) 


A. F. Worden, Jr. (2nd) 


H. Wolf (ist) 
C. W. Zimmer (2nd) 
V. Cross 


M. Johnson (Ist) 
Barlow (2nd) 


H. 

E. 

R. S. 

R. E. Wilkinson, Sr. 
D. A. Sweetland (1st) 
G. C. Boncke (2nd) 
K. W. 
J. 


Maki (Ist) 
Tropp (2nd) 


J. P. Boulay 


M. Malloy (lst) 
C. R. Morrison (2nd) 


R. C. Brace 
H. Hole 


J. D. Coates (1st) 
W. A. Mould (2nd) 


J. D. Partington 
E. W. Deeves 


REGION III—E. K. WAGNER, REGIONAL DIRECTOR 


Baltimore 

Central Pennsylvania 
Hampton Roads 
Johnstown 

National Capital 
Philadelphia 


Pittsburgh 
Richmond 


P. L. Harris 

E. P. Short 

J. A. Hoffman 

G. C. MacAlarney 
W. C. Hansen 

O. M. Kershock 


G. E. Smetak 
M. M. Alley 


Plewes (1st) 
i: Lincoln (2nd) 


Estatico (ist) 
. Schratter (2nd) 


C. Turlington 


REGION IV—J. G. WOODROOF, REGIONAL DIRECTOR 


Atlanta 

Florida West Coast 
Jacksonville 

North Piedmont 
Savannah 

South Carolina 
South Florida 
South Piedmont 


M. E. Mooney 

W. C. VanWagenen 
R. D. Funderburk 

E.. F. White 

W. O. Blackstone 

A. Cowan 


W. T. Foreman, Jr. 


J. A. Hargan 


G. Farthing 


R. E. Kinser 


R. T. Waites, Jr. 
J. E. Beard 
D. Rickelton 


REGION V—J. H. DOWNS, REGIONAL DIRECTOR 


Central Indiana 


Cincinnati 
Cleveland 
Columbus 


Dayton 
Evansville 


Toledo 
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W. L. Kercheval 


C. P. Wood, Jr. 
B. A. Sehwirtz 
E. T. Stluka 


F. H. Doench, Jr. 
H. C. Shagaloff 


J. S. Meyer 


Drum (Ist) 
Johnson (2nd) 


. J. Kummer 

. M. Rubin 

. H. Reverman (Ist) 
. W. Hensel (2nd) 
. G. Ely 

Herndon (\st) 
Phillips (2nd) 


POON 


Moorehead 


. Kuhlenschmidt (3rd) 


SECRETARY 


W. R. Geissenhainer 


T. G. Foster 


K. F. Henry (Rec.) 
B. Maxwell (Fin.) 


P. A. Bourquin 


J. M. Pennesi (Memb.) 


R. Jorgensen 


L. Lieberman 


C. Batchelder 
H. A. Cosentino 


D. J. Kiely, Jr. 
D. D. Hinman 


T. Best 


L. Larocque 
D. C. Longman 


J. Kallman 
A.N. Nordstrom 


TREASURER 


G. T. Roberts, Jr. 


D. J. Girard 
L. Bloom 


L. Kowadlo 
R. L. Jameson 


H. Fox 


P. Enright 
I. M. Fierberg 


J. K. Maclean 
H. E. Siebert 


W. Rochford 


G. Bastien 
F. Mallozzi 


F. Caldwell 
H. J. Bristow 


J. B. Parker (Secy.-Treas.) 
M. K. Bowman (Asst. Secy.-Treas. ) 
. C. Kay, Jr. (Exec. Secy.) 


D 
I. M. Patterson 
O. A. Reggin 


. P. Frauke 
. C. Wagner 
. L. Bregman 
. J. Hostetler 
. V. MeCoy 


. Nussbaum (Rec.) 
K. M. Wicks (Cor.) 


D.'B. Hicks 


J. G. Johnson, Jr. 


. Bleunt, Jr. 
. Baker 

. Hanna, Jr. 

Dickterenko 

. Thompson, Jr. 


S. Fenstermaker, Jr. 


N. E. Rau 
J. W. Wickert 
H. Barnebey 


R. E. Comstock 
H. L. Tillman 


D. W. Duston 


D. C. McKeen 
A. V. Willis 


H. R. Dischinger 
R. A. Metz 

A. Hanckel 

M. E. Rose 

W. H. Hobbes, Jr. 
P. R. Anderson 


J. H. Llewellyn 
A. B. Miller 


D. Cunningham 
W. Scott, Jr. 


E. 
7. 
J 
H. R. King 
K. 
B. 
I. M. Slepicka 


J. W. Gibbs 
C. R. Braun, Jr. 
R. O. Bement 


D. H. Clague 
G. J. Ashcraft 


G. W. Bleckner 
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Central Michigan 


Illinois 
Illinois-Iowa 

Towa 

Michigan 
Minnesota 

Western Michigan 


Wisconsin 


J. 

G. L. Jepson 
W. 


PRESIDENT 


L. H. Streb 
D. G. Johnson 
V. G. Polly 
G. Black, Jr. 
W. McNamara 


. H. Miller 


VICE PRESIDENT 


REGION VI—L. K. WARRICK, REGIONAL DIRECTOR 
R. L. Wick 


J. H. Jennings (1st) 
. E. Gire (2nd) 


A. Parkhurst 
I. L. Smith 
E. 


— 


Giberson 


Maund 


. A. Rackliffe (1st) 

W. Wessels (2nd) 

K. F. Waraczynski (1st) 
F. W. Goldsmith (2nd) 


REGION VII—J. F. NAYLOR, JR., REGIONAL DIRECTOR 


Baton Rouge 
Kansas City 


Louisville 
Memphis 

Middle Tennesse 
Mississippi 
Mobile 


New Orleans 
North Alabama 


St. Louis 


R. A. Neve 
W. M. Scurlock 


R. W. Rademaker 
D. M. Mills 


D. E. Nichols 
C. E. Strahan, Jr. 


J. H. Maloney 
G. R. Jackson 


F. G. Meyers 


M. Hopkins (Ist) 
Engelhardt (2nd) 


Abbott (Ist) 
Roy (2nd) 


H 
K 
J. P. Hall (1st) 

T. H. Turner, Jr. (2nd) 
E 

L 


B. 
J. 

Moats 


R. D. Lewis 
J. H. Judd (1st) 
S. S. Simpson, Jr. (2nd) 


J. B. Killebrew (Ist) 
R. B. Tilney (2nd) 


REGION VIII—W. J. COLLINS, JR., REGIONAL DIRECTOR 


Alamo 

Arkansas 

Austin 

Central Oklahoma 
Dallas 


Fort Worth 
Houston 


Northeastern Oklahoma 
Shreveport 
West Texas 


M. Staley 


B. J. Barnhart 
W. H. Stewart 
R. A. Osterholm 


J. R. Blanke 
E. H. McLane 


J. D. Shaw 


W. M. Fairchild 
J. T. McKinney 


F. L. McFadden (Ist) 
A. A. Hooper (2nd) 


J. L. Tye 


J. B. Buckley (Ist) 
J. E. Burton (2nd) 


REGION IX—FRED JANSSEN, REGIONAL DIRECTOR 


El Paso 
Nebraska 

New Mexico 
Rocky Mountain 
Utah 

Wichita 


REGION X—T. J. WHITE, REGIONAL DIRECTOR 


British Columbia 
Central Arizona 
Golden Gate 
Inland Empire 
Oregon 

Puget Sound 


Sacramento Valley 
San Diego 

San Joaquin 
Southern California 
Tucson 


SPECIAL BRANCH 


Panama and Canal Zone 


OVERSEAS BRANCHES 


Italy 
Switzerland 
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J. A. Holland 
C. L. Thomsen 
V. J. Stephens 


Cc. E. Warren 


D. B. Leaney 
S. A. Fredrickson 
R. C. Pribuss 
J. L. Harvey 
Constant 
Massart 


Stecher 
Jackson 


E 
K 
L 
M 
D 


. B. Rodkin 
D. D. Shipley 


I. Fong 


G. F. Bertolini 


D. D. Paxton 


J. N. Eichers 


R. W. Hole 

S. J. Rohats 

D. A. Delaney 

K. M. Wood 

J. L. Waymire 

R. R. Kirkwood (Ist) 
D. M. Hopkins (2nd) 


J. R. Handy 

W. Neild 

W. L. Grotzke 

B. L. Hutchinson, Jr. 
J. P. Jones 


R. A. Bettis (1st) 
R. B. Mouynes (2nd) 


L. Chieregatti 


SECRETARY 


H. R. Krueger 


C. M. Vreuls 
P. J. Hannon 
L. L. Kelley 
K. A. Nesbitt 
J. V. Borry 
L. H. Hinkel 


G. A. Adlam 


P. A. Moreno 
R. W. Anderson 
J. O. O’Brien 


R. L. Bibb, Jr. 
P. R. Maxson 


J. F. Albright, Jr. 
W. E. Cone 


H. R. Halt (Rec.) 
C. F. Barmeier (Cor.) 


R. E. Marsh, Jr. 


E. G. Bloomquist 
C. O. Jensen 
O. Nation 


H. E. Cunningham 
K. C. Gruber 


R. L. Herron 


Hi. W. Wortmann 
B. R. Peterson 
J. L. Desilets 


TREASURER 


C. M. Knudson 


E. R. Teske 

J. A. Sandberg 
J. R. Bain 

W. M. Dull 
W. R. Fay 

C. W. DeKorte 


R. H. Schulz 


J. Graves 


R. L. Kilker 
J. A. Pietsch 
H. Erb 


R. H. Wood 
W. P. Harvey 


J. I. Hebert, Jr. 
D. L. Dailey 


C. W. Baker 


T. A. Stephens 


B. N. Walton 
M. K. Cohenour 
W. P. Dickson 


N. MeVean 
M. Backer 


L. B. Bury 


E. Mitchell 
V. L. Crane 
W. L. Beale 


J. F. Williams (Secy.-Treas.) 


William Baker 
R. H. Langmade 
L. E. Dwyer 

S. A. Thomas 


D. J. Moore 


M. Laks 

C. H. Deilgat 
G. Yamaguchi 
J. R. Hall 

A. E, Hamilton 


C. D. Speier 


G. du Bot 


J. M. Phillipson 
J. Cosgrove 

J. D. Kniveton 
S. A. Schafer 
W. D. Maxwell 
H. A. Bickel 


D. Yoshpe 

C. E. Butcher 
R. F. Carter 

V. J. Burke 

B. M. Dehlinger 


R. G. Fifer 


U. Stefanutti 
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Candidates for ASHRAE Membership 


Foliowing is a list of 78 candidates for membership 
or advancement in membership grade. Members are 
requested to assume their full share of responsibility 
in the acceptance of these candidates for membership 


Massachusetts 


Hunt, C. H., Sales Engr., Walworth 
Co., Boston. 


New Jersey 

JILAJIAN, A. D.¥, Principal, A. D. 
Jilajian & Assoc., Hackensack. 

LEHNEN, MIKE, Sales Engr., H. U. 
Porter, Newark. 

TOWNE, R. E., Mech: Engr., 
Standard Div of Humble Oil 
fining Co., Linden. 


New York 


BARRETT, J. E., JR., Research Assoc., 
Union Carbide Chemicals Co., Tar- 
rytown. 

GILLEN, T. R., Mgr. Engg. House, 
Pipes & Conduits, Johns-Manville, 
New York. 

HoLMEs, G. E., Vice-President, R. C. 
Black Co., Inc., Buffalo. 

Krart, R. H. Cons. Engr., Hopewell 
Junction. 

LENZEN, M. E.*, Engr., Buffalo Forge 
Co., Buffalo. 

MAyers, M. A., Mgr. of Research, 
ASHRAE, New York. 

MaAzzou, J. C., Distr. Engr., Niagara 
Blower Co., New York. 

NIes, HEINZ-GUENTHER, Research 
Engr., Anemostat Corp. of Amer- 
ica, New York. 

RENNINGER, C. E., Sales Mgr. of In- 
ternational Div, York Div, Borg- 
Warner Corp., New York. 

ScHuLTE, P. T., Sales Repr., Fisch- 
bach & Moore Inc., Automatic Con- 
trols Div, New York. 


Rhode Island 


EICHLER, J. H., Mgr. of Engg., Taco 
Heaters, Inc., Cranston. 


Esso 
& Re- 


Canada 


BARTELINK, L. H., Partner, W. P. 
London and Partners, Niagara 
Falls, Ontario. 

DUNKLEY, J. M., Asst. to Chief Engr., 
& Haldenby, 
ario. 

GAWLEY, H. N., Associate Prof. of 
Mech. Engg., University of Mani- 
toba, Winnipeg, Manitoba. 

GRANT, LESLIE, Estimator, White & 
Greer Co., Ltd., Hamilton, Ontario. 

HENDERSON, GEORGE, Design Engr., 
Green, Blankstein, Russell & 
Assoc., Winnipeg, Manitoba. 


Maryland 

WILLIAMSON, L. D., Jr., Designer & 
Sega S. Yeardley Smith, Bal- 
Imore, 


Pennsylvania 


HAPPEL, D. C., Htg. & Vent. Designer, 
Joseph E. Biro & Assoc., Easton. 
McGUCKIN, J. M., Development Engr., 

J. J. Nesbitt, Inc., Philadelphia. 
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Note: * Advancement t Reinstatement 


MUNIER, R. A.*, Intermediate Engr., 
York Div, Borg-Warner Corp., 
York. 

THORNTON, J. K.*, Directing Engr., 
Crane Co., Johnstown. 

WoopEN, D. L.*, Asst. to Vice-Presi- 
dent, Peerless Heater Co., Div of 
Eastern Foundry Co., Boyertown. 


Virginia 
RicGie, J. B., Sales Engr., Johnston- 
Vest Electric Co., Roanoke. 
Urrutia, W. C.*, Mech. Engr., New- 
port News Shipbuilding & Drydock 
x Atomic Power Div., Newport 
ews. 


REGION IV 


Florida 

BAUERLEIN, E. J., JR.*, Design Engr., 
Healy, Latimer & Assoc., St. 
Petersburg. 

Crook, E. T., Sr. Engr., Chrysler 
Corp., Airtemp Div, AMS, Daytona 
Beach. 

PASTERNACK, A. M., Gen. Mgr., Ther- 
mal Cooling Inc., Hialeah. 

Pratt, E. S., President, Allweather, 
Inc., Orlando. 


Georgia 

TAYLor, L. H., Head of Htg. & Air 
Cond. Dept., Southern Technical In- 
stitute, Chamblee. 


REGION V 


PETROVSKIS, KARLIS, Senior Designer, 
H. K. Ferguson Co., Cleveland. 


REGION Vi 


Michigan 
BoLENDER, R. C., Sales Engr. of Heat 


Transfer Surfaces, Kirsch Co., 
Sturgis. 

GIFFELS, D. J.*, Mech. Specification 
Writer, Giffels & Rossetti, Inc., 
Detroit. 

Meyer, G. R.*, Chief Engr., Sales 


Mer., Kirsch Co., Sturgis. 


REGION VII 


Kentucky 
Horvay, J. B.*, Project Engr., Gen- 
eral Electric Co., Louisville. 


Louisiana 


KELLER, J. B., Constr. Supervisor, 
Manson & Thompson, Architects, 
Baton Rouge. 


Tennessee 


WatsH, R. R., Production Engr., 
Sunwarm, Inc., Kingsport. 


REGION VIII 


Arkansas 

BALDRIDGE, K. R., Jr. Engr. & Drafts- 
man, Pettit & Pettit, Cons. Engrs., 
Little Rock. 

Pettit, K. A.*, Partner, Pettit & 


Pettit Cons. Engrs., Little Rock. 


by advising the Executive Secretary on or before Oc- 
tober 31, 1961 of any whose eligibility for member- 
ship is questioned. Unless such objection is made these 
candidates will be voted by the Board of Directors. 


Oklahoma 
JOHNSON, W. A.*, Engineer, Kay En- 7 
gineering Co., Oklahoma City. ¥ 


Texas A 
BACKER, Morris, Assoc., H. E. Bovay, 7 
Jr., Cons. Engr., Houston. % 
CALVERT, C. C., JR., Vice President, © 
Climate Supply Co., Inc., Tyler. E 
Howes, L. K.*, Senior Engr., Sam P. @ 
Wallace & Co., Houston. a 


REGION IX 


WHITAKER, R. E., Mech. Engr., Dow 7 
Chemical Co., Denver. a 


South Dakota : 
Bupack, J. J., Sales Engr., Powers © 
Regulator Co., Sioux Falls. as 
Mucnow, R. L., Vice President, B. & © 
F. Inc., Sioux Falls. = 


Texas 
Harris, G. E., Salesman, M. & M. 7 
Refrigeration, El Paso. 


Sxancuy, A. L., Owner & Mgr, 
Skanchy Engineering Co., Salt ~ 
Lake City. 4 


REGION X 


Arizona 
HenpIN, J. M., Draftsman, Biddle and 
Young, Cons. Engrs., Phoenix. 


California 

Coomss, M. L.*, Sales Engr., Amer- 
ican-Standard, Industrial Div, Los 
Angeles. 

Fow.er, F. L.}, Sales Engineer, 
Laars Engineers, Inc., San Fran- 
cisco. 


HIGASHIOKA, TOM, Mech. Engr., 
Kasin, Guttman & Assoc., San 
Francisco. 


MANN, W. J., JR., Engineer, Weath- 
erite Co., Los Angeles. 

Matuig, J. R., Sales Engineer, Ed- 
ward B Ward & Co., San Francisco. 

Pierce, G. H.*, Salesman, Worthing- 
ton Corp., Alhambra. 

Otto, T. C., Mech. Engr., Lawrence 
Radiation Lab., Livermore. 


Washington 
Rosson, C. G., Chief Engr., The Bal- 
lard Co., Seattle. 


Hawaii 


Faus, R. B., Jr., President, Faus En- 
gineering, Honolulu. 


FOREIGN 

Argentina 

CuiEsA, E. J., Cons. Engr., Buenos 
Aires. 

GESULADI, E. N.+, Asst. to Managin 
Dir., Monsanto Argentina SAIC, 
Buenos Aires. 

(Continued on page 94) 
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LOW MAINTENANCE of the Roll-0-Matic 
HIGH EFFICIENCY of AAF’s new DRI-Pak 


Now it’s possible to get air-cleaning efficien- 
cies as high as 97%* with only a fraction of 
the maintenance usually required. By com- 
bining the new DRI-Pak unit filter with the 
fully automatic Roll-O-Matic:as a pre-filter 
(in one integral unit), AAF has more than 
doubled the life of the highly efficient DRI- 
Pak. And simple, once-a-year replacement of 
the Roll-O-Matic’s media roll takes care of 
all pre-filter maintenance needs. 


BETTER AIR 


AAR Aix Litter 


OCTOBER 196! 


For complete information on this new high- 
efficiency, low-maintenance air filtration sys- 
tem, call your nearby AAF representative; or 
write for Bulletin No. 228. Address: Robert 
D. Moore, American Air Filter Co., Inc., 673 
Central Avenue, Louisville,. Kentucky. In 
Canada: American Air Filter of Canada, 
Ltd., 400 Stinson Blvd., Montreal 9, Quebec. 
* Based on the National Bureau of Standards 
Dust Spot Method on Atmospheric Dust. 


IS OUR BUSINESS 


A new AAF develo t in air filtrati es 
pment in air Titration 
mer- 
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UNITED ENGINEERING CENTER 


AN APPEAL TO CONSCIENCE 


What would normally be cause for celebration — 
the completion of the United Engineering Center 
and the relocation of the ASHRAE staff in this 
gleaming, new building — is instead grave cause 
for concern. Your Society is concerned because 
we are sadly remiss in raising our share of the 
building's cost. 


In pledging, voluntarily, the amount of 
$250,000 towards the cost of building the Center, 
ASHRAE indicated its approval of this project 


and, at the same time, assumed a MORAL OB- , 
LIGATION. Today ... almost two years following 


our pledge . . . less than 1,600 members have 
contributed $50,000, but a fifth of our quota. 


Erected as enduring evidence of the unity 
and strength of the engineering profession, the 
new Center... as its name implies .. . has now 
become the CENTER of this profession, repre- 
sented by the 19 participating societies. As such, 
it will improve service to members, facilitate co- 
operation among societies, provide distinct econ- 
omies through joint operations, and advance 
the individual engineer’s continuing quest for 
knowledge. 


Everything about the new Center has been 
designed with a single purpose in mind — effi- 
cient, effective and economical service to member 
engineers throughout the world. 


This building is not just another, impersonal 
office structure, It is the embodiment of the vision 
and accomplishment of thousands and thousands 
of engineers . . . those who have gone and those 
who are still to come. 


Our Society is YOU and YOU and YOU. 
A pledge made by ASHRAE is a pledge to be 
respected by each member of the Society. Ex- 
amine your conscience! Have you contributed to 
the United Engineering Center Building Fund? 


Each Chapter is urged to move its Fund Rais- 
ing Campaign into high gear ... to extend 
PERSONALLY to each of its members an invita- 
tion to participate financially. 


PAUSE AND CONSIDER! ASHRAE is but 
one of the many societies who pledged to support 
the cost of the building. Total society pledges 
were $3,800,000 — $3,646,000 of which has al- 
teady been contributed. The majority of the 
societies has either met or exceeded its pledges. 
Such members have PRIDE in their profession and 
in their individual society affiliations, 


Can it be that ASHRAE members are less 
proud, less responsible to assume their fair share 
of responsibility? 


Send in your contribution NOW! 


BULLETINS 


Foaming Machine. Cited as offering 
accurate reproducible ratio settings 
and a self-cleaning combination pour 
or spray head, this rigid urethane 
foaming machine is the subject of a 
fiver. Product features are detailed. 
Chase Chemical Corporation, 3527 
Smallman St., Pittsburgh 1, Pa. 


Packaged Boiler. Designed for forced 
circulation hot water heating systems, 
the boiler discussed in Bulletin 1265 
incorporates many new features, in- 
cluding: side located furnace, five- 
to-one turndown, three-pass design, 
five sq ft of heating surface per boil- 
er hp, hinged front cover and divided 
rear cover, standard dryback and op- 
tional wetback construction. 

Orr & Sembower, Inc., Reading, Pa. 


By-Pass Rotameters. Measurement and 
control of flow rates in pipe sizes as 
high as 48 in. are described in eight- 
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page Bulletin 116. Information con- 
tained includes capacity determina- 
tion, flow range data, piping require- 
ments, accuracy and other engineer- 
ing details concerning the use of yota- 
meters in by-pass arrangement. 
Brooks Instrument Company, Inc., 
Hatfield, Pa. 


Differential Pressure Gauge. Designed 
for indicating up to 60 psid in systems 
to 3000 psi, this leak-proof gauge op- 
erates by a magnetic coupling. Speci- 
fications, drawings and ordering in- 
formation are contained in Flyer E10. 
Pall Corporation, 30 Sea Cliff Ave., 
Glen Cove, N. Y. 


Estimating Catalog. Illustrative of 
most of the products manufactured by 
this company, this 40-page catalog 
covers air conditioning, heating; ven- 
tilating and refrigeration equipment. 
Fast selection of blower units, fans, 
coils, cooling towers, evaporative con- 
densers and other items is made pos- 
sible by graphic illustrations and se- 
lection tables. Introduced are a new 


line of air-cooled and evaporative con- 
denser-cooled condensing units im 
sizes to 100 ton and a line of blow- 
through cooling towers to 1000 ton. 


Blazer Corporation, 173 Market St., q 


Passaic, N. J. 


General Purpose Motors. Descriptive 
of a line of ac, general purpose, 56- 
frame motors is six-page Bulletin 
L-3313A. Motors detailed are for such 
applications as compressors, pumps, 
high inertia fans and blowers, re- 
frigerators and air conditioners. Rat- 
ings range from % to 2 hp, open drip- 
proof or totally enclosed, single-phase 
capacitor-start or three-phase squirrel 
cage for high starting torque, low 
starting current operation. 

Howell Electric Motors Company, 
Kingston-Conley, Inc. (a subsidiary), 
16316 W. Seven Mile Rd., Detroit 35, 
Mich. 


Automatic Filter. Construction, oper 
ation and applications of the Mono- 
valve filter, Thich stores its own back- 
wash water and is available in sing 
or multi-compartment units, are 
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It’s packed solid with FACTS about the new and expanded 
line of Marlo Multi-Zone Air Conditioning Units... 


This is more than just a brochure. It’s a com- 
plete working handbook, with everything you 
need to select and order the exact unit or com- 
bination of units required to do your job most 
efficiently and economically. 


MARLO coil co. 


Includes such information as: 

e CONSTRUCTION DETAILS 

e SPECIFICATIONS AND DIMENSIONS 

e FAN AND COIL PERFORMANCE 

e PHOTOGRAPHS, CHARTS, DIAGRAMS, Etc. 


For Your Free Copy, See Your Marlo Representative, or Send Coupon to Us. 


6109 


MARLO CO. 
7108 S. Grand Bivd., St. Lovis 11, Mo. 


Please send me your new 64-page brochure on Marlo Multi-Zone 
Units. 


‘Quality Air Conditioning and Heat Transf 1925 


Marlo International Ltd. 
P.O. Box Vaduz 34679 
Vaduz Furstentum Liechtenstein 


WORLD-WIDE 
DISTRIBUTION 
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BELL specifies 
Furnas Electric Controls 


Rigid performance standards set by Bell & Gossett demand that 
only highest quality components be used in their equipment. Fort 
this reason Furnas Electric starters and contactors were chosen for 
B & G Package Liquid Chillers. These controls assure dependable 
operation and top-quality performance. 


Furnas components in this 
B & G electrical control 
panel are mounted, wired 
and interlocked for trouble- 
free automatic operation. 


In-between sizes, dual voltage coils, silver-cadmium oxide contacts 
and other popular Furnas features make Furnas controls well suited 
for your air conditioning and refrigeration requirements. Compact 
construction, front accessible wiring terminals and uniform mount- 
ing dimensions make them highly adaptable to simplified panel 
mounting. 


Write today for full information— 
1182 McKee St., Batavia, Illinois 


FURNAS 


ELECTRIC COMPANY 
BATAVIA, ILLINOIS 


| 


| 


| 


scribed in six-page Bulletin WC-130. 
Operating on the loss-of-head prin- 
ciple, cited as assuring automatic 
backwashing of the filter beds, the 
filter requires minimum maintenance. 
Flow diagrams and dimensioning data 
are contained in the bulletin. 

Graver Water Conditioning Company, 
216 W. 14th St., New York 11, N. Y. 


Heating and Cooling Equipment. An- 
nounced in four-page Bulletin MF 
612-2039a is the J Series line of heat- 
ing and cooling equipment. Included 
are lo-boy, hi-boy, counterflow and 
horizontal furnaces (28 gas sizes and 
21 oil units), all available as year- 
round air conditioners in unified cabi- 
nets. Cooling capacities offered are 
two, three, four, five and seven ton. 
Additional units in the line are com- 
mercial air conditioners with capaci- 
ties from 7% to 20 ton and gas-fired 
unit heaters, ranging in size from 65, 
000 to 300,000 Btu/hr. 

Meyer Furnace Company, Peoria, Ill. 


Compact Heat Exchangers. Extensive 
information on a new line is pre- 
sented in four-page Bulletin F-1161. 
Described are a number of new con- 
struction features. Standard sizes, di- 
mensions and weights are listed for 
one, two and four-pass exchangers 


_ with shell diam from 3% through 8% 
and lengths from 1 ft 4% in. through 


6 ft 7 in. 
Basco, Inc., 345 Payne Ave., North 
Tonawanda, N. Y. 


Speed Changers. Design features of 
the Vari-Tex line are discussed in two 
bulletins, four-page 51B9061B for 
case sizes 4, 5 and 6, and Flyer 
51B1042, covering case sizes 2 and 3. 
Available in five case sizes ranging 
from 1 to 30 hp, these units provide 
stepless speed changes within stand- 


_ard speed ranges of two to one 


through ten to one at operating speeds 
from 1.8 to 4660 rpm. 
Allis-Chalmers Manufacturing Com- 
pany, Milwaukee 1, Wisc. 


Water Heating Coils. Contained in 
40-page Catalog 404-2 are direct se- 
lection tables for simplified selection, 
in addition to information on capacity 
and air and refrigerant pressure drop. 
McQuay, Inc., 1600 Broadway N.E., 
Minneapolis 13, Minn. 


Fractional Hp Motors. Motors de- 
scribed in Flyer 200 are of the open 
drip-proof type, ranging from 1/6 
through 1 hp for standard voltages, 
frequencies and speeds, continuous 
and intermittent duty. Single-phase 
motors for driving such machines as 
air conditioning motors, blowers and 
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Com- 


z to 10 Tons 
Capacity 


USE THESE 
NEW COMPACT 
LARGE CAPACITY 


TO AIR CONDITION ALL MEDIUM SIZED AREAS 


When you air condition medium to large sized Seasonmakers with all others. Compare the fea- 
areas requiring from 2 to 10 tons capacity, _ tures...comparethe quality...compare the quietness 
compare new McQuay compact large capacity ...and you will agree that McQuay leads the field. 


* Hideaway models in 4 sizes—800 cfm to 2000 cfm. * Available with 4 or 6 row cooling coils and 1 or 2 row 
* Ceiling models in deluxe cabinets in 4 sizes of direct drive | steam or hot water heating coils. 
and 5 sizes of belt driven units—800 cfm to 3000 cfm. * Sloped, Styrofoam insulated drain pan. 


* New low height and compact design. * Exceptionally quiet operation. 
* Permanent split capacitor, resilient mounted motors. * Rippled fin coil. 
* Choice of five fan speeds. 


: * Money saving design for easy installation and mini-. 
* Full rated capacity. mum maintenance costs. 


The McQuay representative in or near your city _ story. Call him, or write direct to McQuay Inc., 
will gladly give you the complete Seasonmaker 1606 Broadway N.E., Minneapolis 13, Minn. 


Available for immediate shipment 


C 


INC. 


AIR CONDITIONING + HEATING « REFRIGERATION 
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coolers are offered with starting 
torques ranging from 250 to 350% of 
full load torque. 

Polyphase squirrel cage motors dis- 
cussed include Nema Design B (nor- 
mal torque) for driving blowers, fans, 
centrifugal pumps and compressors 
that start unloaded; Design C (high 
torque) for compressors that start un- 
der load; and Design D (high torque) 
for intermittent shock or hard-to-start 
loads. 

Various design and operating fea- 

tures of the motors are illustrated. 
Typical performance curves are in- 
cluded. 
Leland Ohio Electric Company, Sub 
of Howell Electric Motors Company, 
16316 W. Seven Mile Rd., Detroit 35, 
Mich. 


Leak Detectors. Eight-page Bulletin 
GEA-6817A is descriptive of the Type 
H line of portable, halogen sensitive, 
electronic leak detectors. All units are 
cited as being sensitive enough to 
locate pressure and vacuum leaks as 
small as 1/100 cu in. per day. Cov- 
ered are Gun Detector, Type H-2, 
and Pencil Probe Detector, Type 
H-5, for inspection of welds, seams, 
joints and other areas in pressure sys- 
tems; Stationary Detector, Type H-3, 


for automatic production line leak 
testing; and Vacuum Detector, Type 
H-4, for vacuum system leak checks. 
Information on operation, specifica- 
tions, features, accessories and selec- 
tion of proper percentage of tracer 
gas and test pressures is included. 
General Electric Company, One River 
Rd., Schenectady 5, N. Y. 


Drives and Couplings. Eight stock 
drives and eleven stock couplings are 
listed in 20-page Bulletin 70 for frac- 
tional to 1000-hp requirements. In- 
stallation photographs, product pic- 
tures and engineering drawings are 
presented. Explained in the introduc- 
tion are operating advantages such as 
soft starts, protection of motors 
against damage caused by overloads, 
and low current draw at start. Also 
included are tables of weights, two 
types of cutouts to shut off motors in 
case of prolonged slippage due to un- 
overload and tables of 
recommended V-belt drives for use 
with Flexidynes of various sizes. 
Dodge Manufacturing Corporation, 
Mishawaka, Ind. 


Acoustic Terminal Control Units. Pre- 
sented in twelve-page Catalog 1361 
are two ceiling models (in five sizes) 


OMPRESSION 


REFRIGERATION CYCLE* 


THIS IS ANOTHER CYCLE CENTER, 
factory assembled and on its way 
to a 400 ton milk and ice cream 
plant. 


WHAT WILL IT DO?* 


It will provide liquid overfeed to 
the evoporators, catch the excess 
liquid and recirculate it to the 
evaporators, with these results: 


@ FULL COMPRESSOR PROTECTION 
AGAINST SLUGS 


@ PEAK COIL AND COMPRESSOR 
EFFICIENCIES 


SUB COOLED LIQUID FEED AT CONSTANT 
PRESSURE THE YEAR AROUND 


PRACTICALLY UNLIMITED RATE OF LIQUID 
FEED AT ABSOLUTELY NO POWER COST 


NO MECHANICAL PUMPS 

NO FLASH GAS IN LIQUID LINES 
SAFE, AUTOMATIC PLANT OPERATION 
@ OIL SEPARATION, ANY REFRIGERANT 
@ HIGHER SUCTION PRESSURES 

@ LARGE POWER SAVINGS 


ASK FOR BULLETIN CC-2 


“NOT JUST A LIQUID RETURN UNIT. 


Available for any refrigerant, .in 
capacity from 10 to 1,000 tons and] 
- more. Factory assembly is optional. 
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A similar 400 ton CYCLE CENTER after 


installation and insulation. 


@ LARGE SAVINGS IN FIRST COST ON NEW PLANTS. 
FOR EXAMPLE, THE RECEIVER IS NOT REQUIRED 
AND SURGE DRUMS ARE ELIMINATED. 

@ AUTOMATIC HOT GAS DEFROSTING AT 
MINIMUM COST. 


1311 SOUTH FOURTH 
MAYWOOD, ILLINOIS 


with end and bottom discharge, for 
which several diffusers (square or rec- 
tangular, round and modular) are 
available; and two window-perimeter 
models, featuring linear, Curtainaire 


or modular diffusers. Performance 
features, application diagrams, per- 
formance-sound rating tables and spe- 
cification data are provided. 

Carnes Corporation, Verona, Wisc. 


Dehumidifiers. Six-page Bulletin SCD-1 
covers a new line of sectionalized 
spray-coil surface dehumidifiers in 
sizes to 50,000 cfm. Units are pre- 
fabricated in sections and insulated at 
the factory, requiring only bolting 
together at the site. 

Blazer Corporation, 173 Market St., 


Passaic, N. J. 


CANDIDATES 


(Continued from page 88) 


East Pakistan 


MustaFA, ZAKI, A-C Engr., Ali Auto- 
mobiles Ltd., Dacca. 


England 


Luoyp, J. N., Gen. Mgr., F. M. Bur- 
roughs, Ltd., London. 

RALSTON, EDWARD, Mgr., 
Thermotank Ltd., London. 


Indonesia 


Gir, T. T., Head of Refrg. Dept., 
National Tractor Co., Djakarta. 


Messrs. 


BEHBEHANI, ENEYAT*, Pres., The 
General Mechanic Co., Tehran. 


Moran, G. G., Chief Ener: Grassode 
Mexico S.A., Mexico, D.F. 


New Zealand 

Fierz, WERNER, Htg. & Vtg. Desi 
sa i D. Rudd & Partners, Auck- 
and. 


Nigeria 


Haprys, M. R., Refrg. & A-C Instruc- 
tor, United Africa Co., Ltd., Lagos. 


Pakistan 


Hasan, M. Z., Appl. Engr., Jaleel 
Brothers Ltd., Karachi. 


Trinidad 


O. S., Maintenance Engr., 
Govt. of West Indies, Port of Spain. 


STUDENTS 


Bossitt, K. L., Oregon State Univer- 
sity, Corvallis, Ore. : 
Cooper, D. M., Oregon State Univer- 
sity, Corvallis, Ore. 4 
NEWMAN, E. T., University of Vir- 
ginia, Charlottesville, Va. : 
Stverts, A. B., Oregon State Univer- 
sity, Corvallis, Ore. : 
Wricut, W. J., Oregon State Univer- 

sity, Corvallis, Ore. 
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Round bive spot shows Round pink spot shows 
the system is fullanddry. that moisture is present. 


Color spot indicator loses its shape when refrigerant level drops. 


This dual-purpose indicator gives the same dependable, leak- 
proof performance that has made the Streamline single port 
liquid indicators famous for years but has the added advantage 
of being a combination moisture and liquid indicator all in one 
compact unit. A color spot indicator in the new Vuemaster makes 
possible an instant check of the refrigerant. When the color spot is 
round and blue, the system is sufficiently charged and the refrig- 
erant is in a normal, dry condition. The spot changes to pink when 
excessive moisture is present and loses shape when refrigerant 
supply is low. 


Combining engineering skill, experience and 
quality-controlled production, the Mueller Brass Co. 
manufactures a line of refrigeration and 
air-conditioning products that surpasses the most rigid code 
requirements. Their absolute dependability makes 
them first choice in any refrigeration or 
air-conditioning system. Always buy and install Mueller 
Brass Co. products... manufactured in the most 
complete range of styles and sizes in the 
industry. Get them at your wholesaler’s today. 


OCTOBER 196! 


“Vaemaster” 


LIQUID-MOISTURE INDICATOR 


PORT HURON 15, MICHIGAN 


Exclusive Canadian Representative for Mueller Brass Co. Air Conditioning and Refrigeration Products ee © 
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OUTSTANDING 


PX SERIES 
POWER MULTURI 
GAS BURNERS 


This new, highly engineered, gas-fired series, offers 
every installer a rugged, dependable, industrial 
burner with all the important operating features 
AT EXTREMELY ATTRACTIVE PRICES. 
Broad range of capacities. New design offers unique 
method of proportioning all combustion air 
required to insure highest efficiency, independent 
of uncertain varying stack draft. Completely 
packaged for quick and easy installation. SAVE 
TIME AND MONEY with the new volume 
building “PX” Burners. 


ROBERTS-GORDON 


APPLIANCE CORPORATION i 
44-A4 Central Ave., Buffalo 6, N. Y. I 
Please rush literature and prices on 

new “PX” series. t 
NAME 
TITLE | 
COMPANY | 
ADDRESS | 
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Applications 


INCREASED COOLING FACILITIES 
FOR PASSENGER LINER 


Previously air conditioned only in one group of 22 
staterooms and the dining room, the 7000-ton S.§, 
Florida has been provided with air conditioning in 
all passenger spaces, as well as the crew quarters, 
Three 70-ton Carrier 5H-120 compressors, with con- 
densers and chillers, were installed in a machinery } 
space above the shaft alley. Since the electric gen- | 


erating capacity of the vessel was insufficient for this 
incremental duty, steam turbines were installed to 
drive the compressors through V-belts and the chilled 
water pumps by direct drive. : 
Chilled water coils were installed in each of 
eight existing ventilation systems and make-up air 
and return air plenums were added and arranged 
with dampers for return air and to allow a continuous 
supply of fresh air make-up. Six new systems con- 
sisting of fans, chilled water coils, dampers and grilles 
were added for upper deck staterooms and other 
areas. Return air from each stateroom passes through 
a louver in the door into the passageway and stair- 
ways, at the top of which grilled openings with 


dampers were installed connecting to the fan suctions. 


AIR CONDITIONED AUDITORIUM 
CONVERTS FOR OPEN-AIR USE 


Scheduled to open this fall, a Pittsburgh auditorium | 
has a movable, sectionalized roof that can be opened | ,200 
for performances in fair weather. When the roof is 
closed, the gree ventilating system goes into 
operation to provide heated or cooled air as re- 
quired. Designed so that only portions of the build- 
ing being occupied will receive conditioned air, the 
high pressure system uses Westinghouse Electric 
Corporation equipment. 

Outdoor air is drawn in through louvers, passed 
through filters and carried under the exhibit floor 
through two main tunnels. Fans then draw the air to 
four main risers, which convey it to eight fan-coil 
equipment rooms, where it is filtered, heated or 
chilled, mixed with recirculated air and distributed. 
A total of 280,000 cfm of conditioned air is distributed 
around the periphery of the auditorium. 

Included in the system are eight centrifugal ait- 
foil fans; fifteen central-plant type air distributing 
units, which handle a total air volume of approxi 
mately 100,000 cfm; six heating and ventilating unit 
with a total capacity of 68,500 cfm; eleven propellem 
type steam unit heaters, used for auxiliary heating @ 
the main area of the auditorium; three air distributing 
unit fan sections for exhaust; and 72 separate heating 
and cooling coils for preheat, reheat and cooling 


purposes. 
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FOR STEAM HEATING 
SYSTEMS 


FOR CONVERTOR FOR DOMESTIC 
CONTROL ) HOT WATER CONTROL 


OTHERM CON 
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Advertisement by American Hot Dip Galvanizers Association 


$10,000. in Awards 
for Hot Dip Galvanizing Ideas 


Ten awards offered by American Hot Dip 
Galvanizers Association in cooperation 


with American Zinc Institute Galvanizers International Award 


THINK! Think about new uses 
for Hot Dip Galvanizing! Or, 
improvements in present uses! 
Or, new methods of after treat- 
ment! If your idea is accepted, 
you will receive one of ten 
awards of $1000 in cash, plus a 
handsome medal, plus an en- 
grossed Certificate of Achieve- 
ment. 


Not a contest but a 
search for new ideas 


This is not a contest—it is a 
search for new ideas. Your entry 
will not be judged against 
others, but solely on its merit 
and value in developing new ap- 
plications and markets for Hot 
Dip Galvanizing. If your idea, 
in the opinion of the judges, is 
of practical value to the indus- 
try, you will be cited for an 
award—promptly. 


The Hot Dip Galvanizing In- 
dustry is anxious to receive ideas 
of this type; therefore, the 
judges reserve the right to pre- 
sent more than 10 awards, if the 
entries warrant. 


These well-known men 
will act as judges 


Dr. Clarence H. Lorig, Techni- 
cal Director, Battelle Memorial 
Institute and Past President 
American Society for Metals. 
Mr. John R. Daesen, Technical 
Director, American Hot Dip 
‘Galvanizers Association. Mr. 
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John L. Kimberley, Executive 
Vice President, American Zinc 
Institute. 


Anyone is eligible to enter 


Anyone in the world (except 
members of the American Hot 
Dip Galvanizers Association and 
the American Zinc Institute, 
and their employees and adver- 
tising agencies) may submit one 
or more entries. 

Business firms or corporations 
may submit entries under their 
business name, instead of as in- 
dividuals, if they choose. 


Entries will be considered by 
the judges promptly upon their 
receipt. No entry received after 
April 30, 1962 will be con- 
sidered. 


These are the kind of ideas 
we're looking for: 


The Awards will be made for 
ideas pertaining to: (a) Appli- 
cations of Hot Dip Galvanizing 
to a new or unusual field, or; 
(b) An improvement in appli- 
cation in fields where Hot Dip 
Galvanizing is now being used, 
or; (c) New methods of after- 
treatment of Hot Dip Galvan- 
ized products. 


Each entry must contain: 


(a) Description and documen- 
tation of application. 


(b) Case history of the applica- 


tion or process accompanied by} 
photo, drawings, formulae, ete, 


(c) All technical data needed 
for the utilization of the idea¥ 
submitted. 


(d) Release of the application 
or idea for general use without 
payment or royalty other than] 
the $1000 award. 


Other conditions: 


The decision of the judges will] 
be final. 


Award-winning ideas will be re} 
tained by the American Hot 
Dip Galvanizers Association for 
dissemination throughout indus 
try. Other entries will be re 
turned. 


No formal entry blank is re 
quired. The entry should be 
accompanied by your name, a¢é- 
dress and business connection. 


Entries should be sent to: 


AMERICAN Hort Dip 
GALVANIZERS 
ASSOCIATION, INC. 


5225 Manning Place, N. W., 
Washington 16, D. C. 


Note: For information on gal- 
vanizing, write to the above 
address for name and location 
of the American Hot Dip Gal 
vanizers Association member 

nearest you. 
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